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AN IFC-BASED FRAMEWORK FOR SUSTAINABLE CONSTRUCTION 
SUMMARY 
Building Information Modeling (BIM) as a growing movement in the architecture, 
engineering and construction (AEC) industry, is a new approach to manage the 
processes in the whole life cycle of a building and project data in digital format that 
provides the exchange and interoperability of information via Industry Foundation 
Classes (IFC). The importance of design and construction integration has been 
increasingly realised in recent years and BIM is developed as a new methodology in 
the construction industry. It provides a three-dimensional (3D) representation of a 
project including all the parameters of its components. BIM has become as the centre 
of the building production process for the requirements of performance analysis, 
planning, programming, cost and time data and construction documents in addition to 
design and visualisation.  
On the other hand, the construction industry has been confronted by sustainability 
concept as in many other industries over the last two decades. The increasing 
demand to the sustainable buildings compels the construction industry to embrace 
technological innovations for more sustainable outcomes. Moreover, the adoption of 
BIM for sustainable data has been considered in the industry. The integration of 
sustainability and BIM has a great importance and impact on sustainable construction 
projects. The benefits of BIM such as effective decision-making, improved analysis, 
easier access to information and simpler certification provide optimized solutions for 
sustainable design and construction. Green BIM as an emerging trend has been 
increasingly discussed not only in academia but also for practical studies. 
Additionally, combining the sustainable data and BIM in the design stage of the 
building production process is critically important since most sustainable decisions 
are made during the design stage. The more sustainable data get involved in the early 
stages, the more successful results are acquired. Even though BIM technology is 
recognised as a significant tool for sustainability, a functional integration requires 
considerable effort and time such that the appraisal of sustainable data remains an 
after design stage process for most of the cases, which is an open research problem. 
Accordingly, this study focuses on BIM and sustainable data integration. It is 
intended to provide an integrated platform that helps documentation generation for 
obtaining green building certification. The aim of the research is to implement an 
IFC-based framework by providing a guideline for the design team to address the 
sustainable properties of the project during the design stage. This framework bridges 
the gap between the green building assessment processes and BIM. 
Within the scope of the thesis, the idea, aim, scope, limitations and methodology of 
the study are expressed firstly. Then, BIM related previous studies are examined in 
order to explore the research trend and BIM – sustainability relation. The terms of 
BIM, IFC and sustainability are discussed next. After pointing out the BIM 
technology and IFC data model schema, green building assessment systems, 
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Building Research Establishment Environmental Assessment Methodology 
(BREEAM) and Leadership in Energy and Environmental Design (LEED) are 
addressed within the sustainability concept. The inclusion of sustainable data into 
early stages of the building production process via BIM tools, is emphasised and an 
integrated BIM and sustainable data model is proposed. The purpose, constraints and 
parameters of the model are stated. The verification of the model is done by a sample 
project.  
The proposed integrated BIM – sustainable data model has two main processes, 
which are model development process and user process. Whilst the sub-processes of 
the model development process are (1) developing the property sets in the IFC 
standard and (2) accessing the green materials database (GMDB) and creating the 
green materials library (GML), user process has (1) generating BIM model and (2) 
calculating the data for green documentation sub-processes. The green building 
assessment systems are examined and possible categories for IFC schema are listed 
in order to develop the property sets. Moreover, the property sets that allow entering 
the data for green certification are developed. The second sub-process of the model 
development process addresses to access GMDB firstly, build GML next and finally 
create the template file depending on the library. In the user process, which is the 
verification process of the proposed model, first the project is generated by using the 
template file and exported as IFC format, then Green Building Assessment Tool 
(GBAT) developed for the green documentation, extracts the required data from the 
IFC file, makes the calculation according to the green building assessment system 
criteria and presents the available credits as the output.  
There are some restraints and assumptions concerning the proposed model. 
BREEAM is intended for the green building assessment system due to its widely 
usage for Turkish construction projects and lack of BREEAM and BIM studies in the 
literature. Furthermore, ÇEDBK uses BREEAM as base for the green 
transformation of the Turkish construction industry. In this sense, BREEAM Europe 
Commercial 2009 Assessor Manual is examined. Even though it has been replaced 
by BREEAM International New Construction 2013 as the new scheme for 
registration and certification of construction projects in Turkey, the proposed model 
uses BREEAM Europe Commercial 2009 since the new scheme was announced after 
finalising the model setup depending on the previous release. Conversely, the 
proposed model is discussed in terms of overlapping and remaining issues by 
comparing the former and latter BREEAM schemes in conclusion. Moreover, the 
BREEAM scheme is approached from the point of materials due to being the most 
computable category. The green materials database retrieved through the green guide 
to specification website by logging in, is accessed manually. For the selection of the 
BIM software, any IFC compliant software, which adequately supports a suitable 
Model View Definition (MVD), is targeted. Consequently, Graphisoft ArchiCAD® 
is used for generating the BIM model, since ArchiCAD®’s IFC interface provides 
the possibility to define, export and import these data types. Developing the 
assessment tool, as a desktop application and the necessity of MS Access Database 
Engine® and IFC File Analyzer (IFA) installation are constraints regarding GBAT.  
In conclusion, the proposed integrated model provides the users to evaluate the 
sustainable features of the construction projects targeted to be BREEAM certificated, 
in the design stage of the building production process through BIM. Inclusion of the 
sustainable data into the process since the early stages actuates the decision-making 
in consideration of accurate data for the green building certification process by 
xix 
 
increasing the productivity in the generation of the sustainable construction projects. 
Even though there are sundry limitations of the framework, the successful 
verification of the undertaking fraction of the model demonstrates that the proposed 
model can be extensible and adaptable to the other categories of BREEAM, other 
green building assessment systems or other BIM software.     
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SÜRDÜRÜLEBLR YAPIM ÇN IFC-TABANLI BR YAKLAIM  
ÖZET 
Bina Enformasyonu Modellemesi (BIM) ve  sürdürülebilirlik mimarlık, mühendislik 
ve yapım (AEC) sektöründe güncel ve geli	mekte olan iki önemli kavram olarak 
kar	ımıza çıkmaktadır.  
BIM, temel olarak yapının fizibilite çalı	malarından tasarım, yapım, yapının faaliyete 
geçmesi sonrası i	letilmesi ve tamamlanmasına kadar olan ya	am döngüsü 
içerisindeki tüm süreçlerin, sayısal ortamda veri alı	-veri	ine ve birlikte i	lerlie 
olanak salayacak 	ekilde yönetilmesidir. 	 birlii gereksinimi, daha kaliteli 
çıktıların olu	turulması, proje risklerinin azaltılması ve e	güdüm eksiklii nedeniyle 
olu	abilecek süre kaybı ve maliyetin en aza indirilmesi ve çevreye daha az zararlı 
binaların üretilmesi amaçlarıyla ortaya çıkan BIM yeni bir çalı	ma yöntemi olarak 
geli	tirilmi	tir. BIM, elle ya da bilgisayar yardımıyla (koordinat-tabanlı bilgisayar 
yazılımları, bilgi-tabanlı sistemler veya nesneye-yönelik sistemler) yapılan dier 
çizim yöntemlerinden; yapım esnasında meydana gelebilecek uyu	mazlıkları 
önlemesi, proje çizimlerini gerçee en yakın haliyle ve zamanında tamamlamaya ve 
yapım ile ilgili belgeleri en hızlı ve düzgün 	ekilde hazırlanmaya olanak salaması, 
herhangi bir belgede yapılan dei	iklikleri ili	kili dier belgelere anında 
yansıtabilmesi ve tüm proje katılımcılarına aynı model üzerinde e	zamanlı 
çalı	abilme kolaylıını salamasıyla ayrılmaktadır. BIM, yapıyı olu	turan her bir 
yapı elemanına ait özellik ve parametreler için veritabanı depolama mekanizmalarını 
da içeren üç boyutlu bir gösterim salamaktadır. Bir dier deyi	le, yapı elemanlarını 
temel almakta ve elemanların birbirleriyle olan ili	kilerini modellemektedir. BIM, 
yapıyı tanımlayan tüm verilerin tutulduu bir sayısal proje veritabanı üzerinden 
çalı	makta; tasarım, yapım ve yapım sonrası i	letme süreci boyunca üretilen tüm 
veriler bütünle	ik proje veritabanında saklanarak yönetilmekte ve daha sonraki 
projelerde de kullanılabilmektedir.  
BIM kavramı ilk olarak 1970’li yıllarda ortaya çıkmı	 ve akademisyenler tarafından 
çe	itli çalı	malarda ele alınmı	tır. Yapım sektöründe ve yapım ile ilgili yapılan 
akademik çalı	malarda tasarım ve yapım bütünle	mesinin önemi 2000’li yılların 
ba	ından itibaren fark edilmekte ve BIM teknolojisinin deeri anla	ılmaktadır. 
Autodesk, Bentley ve Graphisoft gibi bilgisayar destekli tasarım ve çizim yazılımı 
salayıcıları tarafından da desteklenerek geli	tirilmesi salanmaktadır. Ayrıca, 
BIM’in ve IFC (Industry Foundation Classes) veri standardının tasarım süreçlerinde 
önemli geli	meler salayacaı ve i	birliini kolayla	tıracaı yaygın olarak kabul 
edilmektedir. Tasarım ve görselle	tirmenin yanında, performans analizi, planlama, 
programlama, yapım ile ilgili belgelerin hazırlanması, süre ve maliyete ili	kin 
verilerin salanması gibi konulara duyulan gereksinimden dolayı BIM, yapı üretim 
sürecinin temelinde yer almaya ba	lamı	tır. 
Dier yandan, sürdürülebilirlik kavramına ilginin artı	ı, in	aat sektörünü de bir takım 
hızlı dei	im ve geli	melere zorlamaktadır. Çe	itli politika, kanun ve düzenlemelerle  
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in	aat sektörünün ürün ve süreçler açısından sürdürülebilir yenilikleri benimsemesi 
salanmaktadır. Sürdürülebilir projelere talep artmakta, aynı zamanda sürdürülebilir 
binalar ekonomik açıdan uygulanabilir olarak nitelendirilmektedir. Tüm bu 
nedenlerle, sektörde sürdürülebilir veriler için teknolojik yeniliklerin benimsenmesi 
tartı	ılmaya ba	lanmı	tır. Ayrıca, sürdürülebilir yapım pazarına yönelik ürünlerin son 
10 yıldaki hızlı geli	imi, tasarım ve yapım süreçlerinde BIM kullanımını te	vik 
etmektedir. Sürdürülebilirlik ve BIM kavramlarının bütünle	mesi sürdürülebilir 
yapım üzerinde büyük bir etkiye ve öneme sahiptir. Dier yandan; yükselen bir 
eilim olarak sürdürülebilir BIM ile ilgili gerek akademik gerekse uygulamaya 
yönelik çalı	maların daha sürdürülebilir çıktılar elde etmek üzere giderek arttıı da 
görülmektedir. Her ne kadar sürdürülebilir BIM’in önemi literatürde kabul görmü	 
olsa da, i	levsel araç eksiklii ve mevcut araçların karma	ıklıı gibi nedenler 
sürdürülebilir yapımda BIM’in yaygın olarak kullanılmasının ve akademik 
geli	melerin uygulamaya yansımasının önünde engeller olu	turmaktadır. Ancak, 
BIM ve sürdürülebilir yapım pazarı bütünle	mesinin bir gereksinim olduu da 
açıktır. 
Sürdürülebilirlikle ilgili kararların çou bina üretim sürecinin tasarım a	amasında 
verildii için, sürdürülebilir verilerin BIM aracılııyla söz konusu sürece dâhil 
edilmesi kritik öneme sahiptir. Sürdürülebilirlik açısından IFC incelendiinde ise, 
mevcut sürüm IFC2x Edition 3 Technical Corrigendum (TC) 1’de  sürdürülebilirlikle 
ilgili herhangi bir özellik setinin olmadıı, yeni sürüm olan IFC4’ün ise çevresel etki 
göstergeleri ve çevresel etki deerlerini belirten iki özellik setine sahip olduu 
görülmektedir. Söz konusu özellikler, projede kullanılan yapı elemanlarına özgü 
olmayıp, projenin genel anlamda çevresel etkisini anlamaya yönelik yenilenebilir 
enerji tüketimi, bina kullanım süresi ve su tüketimi gibi bilgileri barındırmaktadır. 
Mevcut durumda, sürdürülebilir verilerin dorudan BIM modellerine aktarımının söz 
konusu olmaması nedeniyle, bütünle	me büyük ura	 ve zaman gerektirdiinden, 
sürdürülebilirlikle ilgili kararların çou tasarım sonrası süreç olarak kalmaktadır. 
Bu çalı	ma, literatürde kabul görmü	 fakat bir takım engellerden dolayı tam bir 
birle	meden söz edilemeyen BIM ve sürdürülebilir yapım pazarının bütünle	mesi 
konusuna odaklanmaktadır. Sürdürülebilir yapıma ili	kin standartlar ile BIM 
bütünle	mesi arasındaki mevcut bo	luun, açık bir standart olan IFC veri modeli 
kullanarak doldurulması ve söz konusu bütünle	meye olanak salayan bir model 
olu	turulması amaçlanmaktadır. Bu amaçla, BIM aracılııyla ye	il bina 
sertifikasyonu almak üzere dokümantasyon olu	umunu kolayla	tırmak 
hedeflenmektedir. AEC sektöründe kullanılan farklı yazılımlar arası veri alı	veri	ine 
olanak saladıı için önerilen model IFC-tabanlı bir yakla	ım olarak ele 
alınmaktadır. Bu yakla	ım BIM ile ye	il bina deerlendirme süreçleri arasında bir 
köprü görevi üstlenmektedir.  
Tez çalı	ması kapsamında öncelikle çalı	manın konusu, amacı, kapsamı, 
sınırlamaları ve yöntemi açıklanmakta ve konu alanı ile ilgili çalı	malardan söz 
edilmektedir. BIM ile ilgili ara	tırma eilimlerinin nasıl olduunun ve hangi 
alanlarda younla	ılıp hangi alanlarda bo	luk olduunun belirlenmesine olanak 
salayan meta analiz çalı	ması yapılmaktadır. Hakemli dergilerde yayınlanmı	 olan 
makaleler; yapım sektörü kapsamında çalı	manın konu alanı, yapı üretim süreci 
içindeki yeri, çalı	ma düzeyi, kullanılan araç ve yöntemler, konu alanına saladıı 
katkı, amaç/sonuç ili	kisi ve yazar açısından analiz edilerek sınıflandırılmaktadır. 
Özellikle BIM ve sürdürülebilirlik ili	kisini ele alan çalı	malara ili	kin 
deerlendirmeler yapılmaktadır. lerleyen bölümlerde, BIM, IFC ve sürdürülebilirlik 
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kavramlarına ili	kin konular ele alınmaktadır. Bu balamda, BIM teknolojisinin rolü, 
özellikleri, kapasitesi, faydaları ve in	aat sektörüne olası etkileri belirtilmektedir. 
Birlikte i	lerliin temeli olan IFC veri standardının yapısının açıklanmasının 
ardından yapımda sürdürülebilirlik ve ye	il bina deerlendirme yöntemlerinden Bina 
Ara	tırma Kurumu Çevresel Deerlendirme Yöntemi (BREEAM) ve Enerji ve Çevre 
Tasarımında Liderlik (LEED) anlatılmaktadır. Daha sonra, BIM ile sürdürülebilirlik 
ili	kisinin önemi vurgulanarak bütünle	ik BIM ve sürdürülebilir veri modeli 
önerilmektedir. Önerilen model ana hatlarıyla belirtildikten sonra modelin bile	enleri 
ve uygulama esasları detaylı olarak sunulmaktadır. Örnek bir proje üzerinden 
modelin geçerlilii test edilmektedir.   
Bütünle	ik BIM – sürdürülebilir veri modeli çözümü, bir ara	tırma problemi olarak 
ele alındıında, model geli	tirme ve kullanıcı olmak üzere iki a	amalı bir süreç 
olarak tanımlanabilir. Model geli	tirme sürecinin alt süreçleri (1) IFC standardında 
özellik setlerinin geli	tirilmesi ve (2) ye	il malzeme veritabanına (GMDB) eri	ilmesi 
ve ye	il malzeme kütüphanesinin (GML) olu	turulması iken kullanıcı süreci (1) BIM 
modelinin üretilmesi ve (2) ye	il dokümantasyon için verilerin hesaplanması olarak 
sıralanmaktadır. Bütünle	ik BIM – sürdürülebilir veri modelinin ilk adımı olan IFC-
tabanlı özellik setlerini etkin bir 	ekilde belirleyebilmek için öncelikle ye	il bina 
deerlendirme yöntemlerinin incelenmesi ve IFC için olası kategorilerin belirlenmesi 
gerekmektedir. Daha sonra ye	il bina sertifikasyonu için gerekli olan verilerin 
girilmesine olanak salayan özellik setleri geli	tirilmektedir. Model geli	tirme 
sürecinin ikinci alt süreci, sertifikasyon için gerekli hesaplamaların yapılabilmesine 
olanak salayan ye	il malzeme veritabanına eri	imini; bu veritabanında yer alan 
malzemelerin BIM yazılımları aracılııyla olu	turulan projelerde kullanılmalarına 
olanak salayan ye	il malzeme kütüphanesinin yaratılmasını ve 	ablon dosya 
olu	turulmasını ele almaktadır. Önerilen modelin dorulanması süreci olan kullanıcı 
sürecinde ise 	ablon dosya kullanılarak projenin olu	turulması ve IFC formatında 
saklanması gerekmektedir. Önerilen modelin son a	amasında ye	il dokümantasyonun 
hazırlanmasına yönelik, Ye	il Bina Deerlendirme Aracı (GBAT), sertifikasyon için 
gerekli proje verilerini IFC’den alarak ye	il bina deerlendirme sisteminin 
ölçütlerine göre gerekli hesaplamaları yapmakta ve puanlama tablosunu çıktı olarak 
kullanıcıya sunmaktadır. 
Önerilen modele ili	kin bir takım sınırlamalar ve kabuller söz konusudur. 
Türkiye’deki kullanım alanı, ÇEDBK’in BREEAM’i baz alarak çalı	malar yapması 
ve literatürdeki BREEAM – BIM çalı	malarının eksiklii nedeniyle önerilen modelin 
kurgulanmasında BREEAM deerlendirme yöntemi esas alınmaktadır. Bu nedenle, 
yakın zamana kadar Türkiye’deki sürdürülebilir projelerin deerlendirilmesinde 
kullanılan BREEAM Europe Commercial 2009 Assessor Manual kullanılmaktadır. 
Haziran 2013 itibariyle BREEAM International New Construction 2013 yapım 
projelerinin kayıt edilmesi ve deerlendirilmesi için yeni 	ema olarak BREEAM 
Europe Commercial 2009’un yerini almı	tır. Modele ili	kin çalı	malar yeni 	emanın 
yayınlanmasından önce ba	ladıı için önerilen model BREEAM Europe Commercial 
2009’a dayanmaktadır. Ancak, modelin yeni 	emaya uygunluu ve adaptasyonu 
gelecee dönük çalı	ma olarak sonuç kısmında ele alınmaktadır. Bununla birlikte, 
önerilen model, BREEAM deerlendirme yönteminin rakamsal olarak en 
hesaplanabilir ve algoritma olu	turulabilir kategorisi olan malzeme kategorisi ile 
sınırlandırılmaktadır. Ye	il malzeme veritabanına eri	im BREEAM web sitesinde 
oturum açarak gerçekle	mektedir; ancak, bu çalı	ma kapsamında veritabanına eri	im 
dorudan yapılmaktadır. BIM yazılımı seçiminde Concept Design 2010 gibi uygun 
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bir Model View Definition (MVD) destekleyen IFC uyumlu bir yazılım olması 
hedeflendiinden modelin gerçekletirilmesi ve test edilebilmesi için Graphisoft 
ArchiCAD® 17 kullanılmaktadır. Gelitirilen deerlendirme aracına yönelik 
sınırlamalar ise programın masaüstü bir uygulama olması, MS Access Database 
Engine® ve IFC File Analyzer (IFA) kurulumu gereklilii olarak sıralanmaktadır. 
Sonuç olarak, önerilen bütünleik model, yapı üretim sürecinin tasarım aamasında 
BIM aracılııyla BREEAM sertifikası için sürdürülebilir özelliklerin 
deerlendirilmesine olanak salamaktadır. Sürdürülebilir verilerin tasarımın ilk 
aamalarından itibaren sürece dâhil edilmesi, sürdürülebilir yapım projelerinin 
oluturulmasında verimlilii artırarak doru veriler ııında yeil bina sertifikasyon 
süreci için karar almayı etkin hale getirmektedir. Modele ilikin bir takım 
sınırlamalar olmasına ramen ele alınan kesitin baarılı bir ekilde dorulanması 
önerilen modelin dier kategoriler, deerlendirme yöntemleri ve BIM yazılımları 
açısından geniletilmesinin ve uyarlanmasının yapılabilir olduunu kanıtlamaktadır.  
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1.  INTRODUCTION 
Building Information Modeling (BIM) and green building market are the two current 
and growing movements in the architecture, engineering and construction (AEC) 
industry (Krygiel and Nies, 2008). BIM, one of the most important developments in 
the construction industry, is promising to be the facilitator of integration, 
interoperability and collaboration in the future of the construction industry (Vanlande 
et al, 2008). BIM is a methodology to manage essential building design and project 
data in digital format throughout a building’s life cycle. It is the process of 
generating, storing, managing, exchanging and sharing building information in an 
interoperable and reusable way (Vanlande et al, 2008), which transforms the 
paradigm of the construction industry from two-dimensional (2D) based drawing 
information systems to three-dimensional (3D) object based information systems 
(Mihindu and Arayici, 2008). Compared to the 2D drawings and specifications, BIM 
models contain a tremendous amount of electronic information that can be 
transmitted quickly, efficiently and can be easily extracted and reused in whole or in 
part (Porwal and Hewage, 2013). It changes the base documentation used in building 
design and construction to new representations, which are machine-readable for 
automation as opposed to human readable for manual conducts (Smith and Tardif, 
2009). Moreover, BIM provides users with a consistent method of conveying project 
information, which prevents errors or conflicts caused by lack of coordination within 
the project teams. BIM is developed for the needs of collaboration, getting improved 
outputs, minimising the risks, time loss and cost. It also aids in the development of 
buildings less harmful to the environment in addition to providing better visualisation 
and project integration.  
The term BIM, presented as a demarcation of the next generation of information 
technologies (IT) and computer-aided design (CAD), has been used in academia in 
various studies (Eastman, 1999; Eastman et al, 2011; Kymmell, 2008) and the value 
of BIM technology has been understood since the early 2000s in the construction 
industry and in academic studies related to construction. It is also widely 
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acknowledged that BIM and Industry Foundation Classes (IFC) (buildingSMART, 
2011) enable significant improvements of design processes and facilitate 
collaboration (Howard and Björk, 2007; Kiviniemi et al, 2008). Furthermore, 
resource scarcity, sustainability challenges and stricter decrees for recycling and 
resource efficiency in buildings motivate the AEC, facility management (FM) and 
deconstruction communities to manage resources efficiently (Volk et al, 2014). 
Therefore, BIM adoption is becoming an increasingly important matter for the 
construction industry that has been facing barriers and challenges to increase 
productivity, efficiency, quality and for sustainable development (Arayici et al, 
2011). There has been a growing interest in using BIM technology to improve the 
business processes.   
On the other hand, the increasing attention to sustainability is pushing the 
construction industry towards rapid changes (Berardi, 2012). Policies, laws and 
regulations around the world are asking the sector to adopt sustainable innovation in 
terms of products and processes to encourage more sustainable buildings (Hellstrom, 
2007; Steurer and Hametner, 2013). Additionally, the studies show that the demand 
for sustainable building facilities with minimal environmental impact is increasing 
(Azhar, 2010) and sustainable buildings are considered as economically viable 
(Azhar et al, 2010; Azhar et al, 2011). Hence, the adoption of technological 
innovations for sustainable data has been discussed in the industry.  
Accordingly, the proposed research focuses on the integration of BIM with standards 
of sustainable construction. 
1.1 Problem Statement  
The construction industry has become more interested in environmentally friendly 
buildings that can provide both high performance and monetary savings (Jrade and 
Jalaei, 2013). The strong growth of the green building market can encourage BIM 
adoption in the design and construction industry (McGraw-Hill Construction, 2010). 
Moreover, their integration has a great impact on sustainable construction. Due to its 
potential benefits such as effective decision-making, improved analysis, easier access 
to information and simpler certification, BIM is an essential tool aiding in 
performing the optimized solutions for sustainable design and construction.  
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Since most sustainable decisions are made during the design stage of the building 
production process, integrating the sustainable data into this process via BIM is 
critically important. Brahme et al (2001) stated that the challenge is thus finding a 
method to use detailed simulation tools even during the early stages of design when 
values for many of the variables for the building’s technical sub-systems are not yet 
available, and to provide the designer with quantitative predictions of the building’s 
future performance (Bank et al, 2010). In the current situation, it is difficult to 
mention about a thoroughly integration due to lack of measured sustainable 
strategies’ direct access into BIM models. Data needs to be exported to another 
application or imported from a data source. In some cases a team may need to import 
information to the BIM model from an outside source, such as a database of weather 
data or material properties. Better and more seamless integration between BIM and 
sustainable design will come with time as the industry continues to standardise file 
formats, as data sets are developed, and as owners, clients, and designers begin to 
demand more from application developers (Krygiel and Nies, 2008). The integration, 
therefore, requires considerable effort and time such that the evaluation of 
sustainable data remains an after design stage process for most of the cases, which is 
an open research problem.  
BIM offers an integrated solution to the previously mentioned problems. The 
construction professionals will benefit from an integrated tool that helps optimize the 
process of material, equipment and systems selection at every stage of the 
construction project life cycle (Barnes and Castro-Lacouture, 2009). Material 
selection and use, site selection and management and systems analysis are the main 
areas of sustainable design with a direct relationship to BIM (Hardin, 2009).  
This study proposes a framework for providing an integrated platform to work on 
and facilitating the green documentation generation in order to get green building 
certification. 
1.2 Purpose of the Research  
The overall purpose of this research is to highlight the needs to bridge the gap of 
BIM and sustainability integration through the development of an IFC-based 
framework, which provides a guideline for the design team to address the sustainable 
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features of the project during the design stage. This is achieved by designating the 
green properties to the BIM objects by using the IFC model schema, which is an 
open standard for BIM. It is intended to specify an advanced approach of utilizing 
the pertinent data stored in BIM model for green building certification. The proposed 
model provides the users timely decision-making by offering an evaluation of the 
alternatives for sustainability performance.  
1.3 Scope and Limitations of the Study  
In line with the aim of the research, first of all, previous studies related to BIM are 
examined, as the background of the thesis. The research trend and general overview 
of the aspects are discussed in order to figure out the relationship between BIM and 
sustainable construction.  
Following this, the issues regarding to BIM, IFC and sustainability concepts in the 
literature are addressed within the scope of the research. The role, characteristics, 
capacity and benefits of BIM technology and its potential impacts to the construction 
industry are expressed first. Then, the practical implementation strategies of BIM are 
represented. The structure of the IFC, STandard for the Exchange of Product model 
data (STEP) that describes how to represent and exchange digital product 
information, EXPRESS data modeling language and model view definition (MVD) 
are scrutinized within the interoperability context. Sustainability in construction and 
green building assessment systems are next pointed out.  
Finally, the importance of sustainable construction and its integration with BIM is 
explored and an integrated BIM and sustainable data model is proposed. The general 
overview of the model is first outlined and then the components of the model and 
their principles are given in detail. At the end, a case study is carried out for the 
validation of the proposed model. 
The scope of the research is limited to Building Research Establishment 
Environmental Assessment Methodology (BREEAM) and Leadership in Energy and 
Environmental Design (LEED) only in terms of the green building assessment 
systems examined. Furthermore, the limitations and assumptions concerning to the 
proposed model are emphasized in Chapter 4.1.2.  
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1.4 Research Methodology  
For an effective response to the respective objectives and requirements, a two-step 
methodology is adopted for this study: (1) Model development process and (2) User 
process (Figure 1.1). Due to its advantages and flexibility for exchanging the data 
between different types of software used in the AEC industry, IFC-based framework 
is intended for the proposed model. The framework builds a relationship between 
BIM and green building rating processes.  
 
Figure 1.1 : Research methodology. 
The model development process can be addressed as the following sub-processes: 
• Developing the property sets in the IFC standard: The major green building 
assessment systems are first investigated and the list of possible categories for 
IFC schema is created according to the analysis. Following this, the property 
sets are developed. 
• Accessing the green materials database (GMDB) and creating the green 
materials library (GML): Depending on the green specification of the 
assessment system, GMDB is accessed and according to this database the 
GML is built. A template file based on the library is created.  
The user process is the validation of the developed framework via a case study and 
includes two main sub-processes: 
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• Generating BIM model: Sustainable BIM model is generated based on the 
template file and exported to IFC format.  
• Calculating the data for green documentation: The green building assessment 
tool (GBAT) extracts the related data and makes the calculations according to 
the green ratings.  
Brief results of all steps are presented in the following sections.  
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2.  BACKGROUND  
This section presents BIM related studies and a general overview of the aspects 
discussed. The aim of this section is to examine the research tendency as well as the 
gaps for potential fields of BIM as future studies via examining the characteristics of 
the papers in BIM literature. BIM related studies are analysed and classified via 
meta-analysis. Furthermore, it is also intended to find out the previous studies 
regarding to BIM and sustainability concepts.  
2.1 Meta-Analysis of BIM Literature  
Studies of publication patterns are useful indicators of scientific productivity, trends, 
emphasis of research in various disciplines and of researchers’ preferences for 
publication outputs (Jacobs, 2001). Publication examination studies related to a 
specific area, also known as meta-analysis studies are beneficial in decision-making 
processes of academic researches from planning to management ( lter et al, 2008). 
Moreover, academic journals, one of the most important communication channels of 
knowledge sharing, provide the examination of research findings and realization of 
the academic debates. In academia, communication is central to the promotion of 
knowledge and while there are many forms of communication channels, the most 
permanent and durable are the published literature, especially refereed academic 
journals ( lter et al, 2008). An established refereed journal is a repository of good and 
novel insights gained from data based research, scholarly enquiry, rigorous analysis 
of experience and careful logical debate about an issue or phenomenon (Betts and 
Lansley, 1993). While analysing of a single journal as a case study provides a 
historical record, describes the characteristics of a journal and gives an opportunity to 
assess the editorial policies or develop recommendations for future policies and 
publication gaps to be filled; the analysis of a broader sample provides a map of a 
discipline reflecting important patterns (Betts and Lansley, 1993;  lter et al, 2008). 
The meta-analysis studies concern the ways in which an academic discipline 
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develops, the main dimensions of the subject matter and the ways relevant research 
methods and tools are used ( lter et al, 2008).  
A meta-classification system including four dimensions and their sub-categories is 
used for research tendency determination and gap analysis within BIM discipline. 
BIM related studies are accessed through various sources including journal articles, 
conference papers, academic dissertations and reports. Within the scope of this study, 
articles published in refereed journals are analysed exclusively to ensure a certain 
academic standard. Leading international refereed journal publishers in construction 
and information technologies, therefore, are determined. These are American Society 
of Civil Engineers (ASCE), Emerald, Science Direct and Taylor and Francis. 
Keywords limited to  “Building Information Modeling” and “BIM” were searched 
for among the title and keywords sections of the articles via the databases of the 
determined journal publishers. As of 10.10.2013, when “Building Information 
Modeling” is searched for title and keywords of the articles, it gave the 125 and 311 
results respectively. On the other hand, 160 results took place in the title of articles 
for “BIM” while the number is 375 for the keywords. The articles about construction 
industry are included after the elimination of the repeated publications from the 
obtained results. Studies related to electrical and mechanical systems, book reviews 
and editorials are excluded.  
2.1.1 Meta-classification system 
Determination of the classification method is of great importance for meta-analysis 
studies that examine a discipline, inter-relate different areas of the study and identify 
emerging and neglected themes (Betts and Lansley, 1993). The rationale for the use 
of meta-models arises out of a theoretical understanding that the main determinants 
of the nature of construction management research come from the multi-disciplinary 
background of its knowledge bases, the many organizational levels within the 
industry, the multiple stages through which construction projects move in their life-
cycle, the professional differentiation that exists between parts of the sector and the 
distinctions within different types of research process ( lter et al, 2008). 
Meta-classification system used in this study is adapted from previous studies. It 
consists of four main dimensions that are content, style/input-output, 
purpose/outcome relationship and author respectively. Each dimension has its own 
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sub-categories. While area, subject, process and study level sub-categories are 
addressed in the content dimension; style examines the articles in terms of input and 
output. In the purpose/outcome relationship, the starting point of the articles, BIM 
tools used and the results of the studies are analysed. Finally, the last dimension 
concerns the author in country and institution aspects. Table 2.1 shows the meta-
classification system used in this study.  
Table 2.1 : Meta-classification system, *adapted from (Betts and Lansley, 1993), 
**adapted from ( lter et al, 2008).  
Dimension Sub-Category  
Content* Area Architecture, AEC Industry, AECO 
Industry, Building/Construction, Civil 
Engineering, Construction Management, 
Education, Facility Management 
Subject Impacts of BIM, Benefits of BIM, BIM 
Adoption, BIM Usage, Implementation of 
BIM, Communication, Collaboration, 
Coordination, Data Exchange, Enhancement 
of BIM, Interoperability, Integration 
Process Planning, Design, Procurement, 
Construction, Operating, Whole Life Cycle, 
N/A 
Study  
Level 
Sector, Firm, Project, Product, N/A 
Style/Input-
Output* 
Methodology Theoretical, Practical, Case Study, Survey, 
Interview 
Contribution General Evaluation, Model Building, 
Statistical Results, System Development  
Purpose/Outcome 
Relationship 
Starting Point  
BIM Tools Module Addition, Common File Usage, 
Software Usage, Software Development, 
N/A 
Result  
Author Country** Country where Research is Generated  
Institution University, Research Centre, Private Sector  
The content dimension firstly concerns about the professional area related to the 
construction industry. Area analysis designates a professional boundary. The second 
sub-category of the content dimension examines the articles on which subject based. 
This sub-category is accepted as one of the most important means for gathering the 
body of knowledge in a discipline and determining the frequently published or 
neglected themes (Betts and Lansley, 1993). Whereas process sub-category of the 
content dimension analyses the stage focused within the building construction 
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process, in the last sub-category the study level of the articles is examined. The 
second dimension of the meta-classification system is style/input-output which 
addresses the methodology used in the study first and then the contribution to the 
field. In the next dimension purpose/outcome relationship of the articles is analysed. 
Firstly, starting point of the study is discussed in order to find out the triggering 
factors of BIM. After the determination of the BIM tools used for generating the 
study, the results are discussed. Country and institution sub-categories are examined 
in the author dimension in order to bring out which countries contribute to BIM field 
most. Country is considered as the country affiliated with the author’s institution, in 
other words, the country where the research is generated. On the other hand, the type 
of the institution is identified in the institution sub-category.  
2.1.2 Analysis and results 
The results of the analysis show that there are 153 articles published on the subject of 
BIM until the third quarter of 2013 within the construction related limitations. The 
number of articles from each journal publisher by their publication years is presented 
in Table 2.2. 
Table 2.2 : Analysis results by publisher/database and years, *2013 includes the 
third quarter of the year. 
Publisher/ 
Database 2004 2006 2008 2009 2010 2011 2012 2013* Total 
ASCE   1 1 5 6 7 21 41 
Emerald 1  1 1 1 4 3 2 13 
Science Direct  1 6 4 7 17 12 29 76 
Taylor&Francis    1 4 2 7 9 23 
Total 1 1 8 7 17 29 29 61 153 
The literature review made without any time restriction shows that BIM related 
academic studies started since 2004. Nevertheless, the number of the articles 
published in recent years has gradually increased. Excluding 2013, most articles were 
published in 2011 and 2012. It should be also noted that the articles regarding to 
2013 cover the third quarter of the year. Another noteworthy point is that there is no 
study carried out in the years of 2005 and 2007. This can be interpreted with the lack 
of functionality before 2007 and widespread use of BIM software such as Autodesk 
Revit® (Url-1), GraphiSoft ArchiCAD® (Url-2) and Nemetschek Allplan® (Url-3) 
after 2007. When the publishers/database is examined in terms of the number of 
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articles published, Science Direct has the most articles in each year and total except 
2004. ASCE, Taylor and Francis and Emerald respectively follow Science Direct. 
153 articles obtained from the analysis are published by 33 different refereed 
journals. Automation in Construction has the highest number with 59 articles 
whereas Advanced Engineering Informatics and Journal of Computing in Civil 
Engineering published 12 articles each. Journal of Construction Engineering and 
Management and International Journal of Construction Education and Research 
follow them with 9 and 8 respectively.  
Following this, the results against the meta-classification system by content, 
style/input-output, purpose/outcome relationship and author dimensions are 
discussed in detail below. 
2.1.2.1 Content dimension 
Area, subject, process and study level sub-categories are discussed in the content 
dimension. In the area sub-category, the professional areas are grouped as 
Architecture; Architecture, Engineering and Construction (AEC) Industry; 
Architectural, Engineering, Construction and Operation (AECO) Industry; 
Building/Construction; Civil Engineering; Construction Management; Education and 
Facility Management. Figure 2.1 shows the distribution of the articles according to 
their area within the construction industry. While 47 of the analysed articles are 
intended for AEC Industry, 43 of them are related to AECO Industry. Construction 
Management in 17 of the articles is the following most frequent area. Results also 
show that BIM is argued in 14 studies for construction management education.  
BIM is analysed from the perspective it is discussed in the subject sub-category. It 
concerns the aspects of BIM. Even though theme of each article is specific, subject 
sub-category can be generalized according to the content of the articles. Therefore, 
the main subjects are Impacts of BIM, Benefits of BIM, BIM Adoption, BIM Usage, 
Implementation of BIM, Communication, Collaboration, Coordination, Data 
Exchange, Enhancement of BIM, Interoperability and Integration as shown in Figure 
2.2.  
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Figure 2.1 : Articles by area. 
The majority of the articles examine the impacts of BIM on various topics including 
data extraction, information gathering, documentation, advanced decision-making, 
career, education, sustainable design, design review systems, quantity take-off, cost 
estimation, contractual issues, supply chain, four-dimensional (4D) scheduling.  
Integration is the next discussed subject in 25 articles. Integrated BIM solutions for 
different topics are suggested. These are included but not limited to visualization, 
energy analysis, laser scanning, construction safety, procurement process, 
information flow, simulation, augmented reality (AR), ontology, social networking 
systems (SNS) and radio frequency identification (RFID).  
 
Figure 2.2 : Articles by subject. 
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BIM adoption, enhancement of BIM, interoperability, data exchange and benefits of 
BIM are the other prominent subjects.  
In the third sub-category of content dimension, the process within the building 
production system is analysed. Figure 2.3 presents the results of the studies by their 
process intended for. Except 27 articles, the process of the studies is specified. 
 
Figure 2.3 : Articles by process. 
Of the 153 articles 53 articles discussed the whole life cycle but only 38 articles 
referred to the design stage. Then, construction stage comes. There are also studies, 
which concern both the design and construction stages. Such studies resulted from 
integration, collaboration and coordination related research. 
In addition, studies regarding the design stage emphasize the importance of design 
stage of the building production process due to the effect of decisions made during 
design stage on cost, time and quality.   
Study level of the articles is discussed in the last sub-category of content dimension. 
As shown in Figure 2.4, the vast majority of the studies are carried out at Project 
level. Even though the project level is the dominant level in the project-based 
recognized sector; sector, firm and product levels are the other levels discussed 
respectively.  
Moreover, 3 articles pertain to both project and firm and one of the studies is applied 
for product, project and sector level. 
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Figure 2.4 : Articles by study level. 
2.1.2.2 Style/input-output dimension 
In the second dimension of the meta-classification system, the articles are primarily 
evaluated by their methodology. In this context, studies are analysed in terms of the 
methods including case study, practical, theoretical, survey, interview or the 
combination of them. The results are presented in Figure 2.5.  
 
Figure 2.5 : Articles by methodology. 
Case study is the most used method. Practical studies also take an important place in 
BIM related articles. 55 of the analysed 153 articles conducted case study and 45 of 
them are practical while 21 articles are theoretical. Survey and interview based 
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studies are generally conducted for measuring the impacts of BIM, understanding its 
benefits or identifying the preventing factors of BIM usage. 
Contribution sub-category of the style/input-output dimension examines the articles 
in terms of the output they produce. The contribution to the field is evaluated via 
general evaluation, model building, statistical results and system development. 
Figure 2.6 indicates the analysis results of the examined 153 articles. Model building 
comprises the majority with 92 articles. General evaluation, system development and 
statistical results follow it respectively.  
 
Figure 2.6 : Articles by contribution. 
2.1.2.3 Purpose/outcome relationship dimension 
The third dimension of the meta-classification system has three sub-categories, 
which are starting point, BIM tools and result. Firstly, the causative factors are 
examined in the starting point. These can be listed as development of new 
technologies, opportunities of BIM, need of 3D model, lack of BIM utilization, the 
benefits of collaboration, integration, data exchange and interoperability and their 
difficulties in usage. BIM tools are examined next as the second sub-category. It 
concerns how BIM is used in order to achieve the purpose of the study. Common file 
usage, software usage, software development and module addition into existing 
software are classified as the tools in BIM related studies. Even though there is no 
tool used in 62 studies, software usage is the most common tool with 54 articles as 
indicated in Figure 2.7. On the other hand, in 26 articles software is developed for 
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BIM enhancement, integration, data exchange and interoperability. Common file 
usage and module addition follows them respectively. 
 
Figure 2.7 : Articles by BIM tools. 
The results of the studies are determined in the last sub-category of the 
purpose/outcomes relationship dimension. The necessity of accurate BIM usage and 
integrated solutions to improve the performance in construction projects, the 
importance of BIM, potential advantages of BIM, factors affecting BIM adoption and 
implementation, positive BIM impacts on education are the outstanding results.  
2.1.2.4 Author dimension  
In the last dimension of the meta-classification system, the author/s of the articles are 
examined in terms of their country and institution. The country sub-category refers to 
the country where the research is generated. In the articles that have more than one 
author, the first author’s background is discussed. However, in the institution sub-
category, the studies are evaluated by the type of the research.  
The examined articles in this study are carried out in 21 different countries. The 
results show that studies related to BIM are discussed most in USA as in many other 
areas. Figure 2.8 presents the articles by country. More than 50 articles are generated 
in the USA. The UK, Republic of Korea, Australia, China, Germany, Canada, 
Portugal, Israel, The Netherlands, Taiwan and Norway are the following countries 
respectively. Besides, there are 8 countries not shown in the figure that have one 
article or two articles. These are Finland, France, Hong Kong, Ireland, Slovenia, 
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Spain, Sweden and Egypt. On the other hand, Turkey has two articles published. 
While 16 articles are single-author article, 43 articles have two authors and more 
than two authors publish the rest of the articles. The collaboration of the authors is 
important in terms of gathering different perspectives and contribution to the field. 
 
Figure 2.8 : Articles by country. 
Figure 2.9 shows the results of the institution sub-category. Majority of the articles 
are generated within university and 19 articles are sector-university collaboration. 
This can be explained by the limited sector-university collaboration so that most 
studies remain in academic environment. However, collaboration with participants 
operating in the industry is of great importance for BIM studies, which are practical. 
 
Figure 2.9 : Articles by institution. 
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2.2 BIM and Sustainability Studies 
In this section, BIM is discussed from the sustainability aspect. The studies related to 
sustainability concept are examined in order to find out the tendency and approach. 
Thus, the gap in this field is determined.  
There are 12 studies concerning sustainability related issues within the articles 
examined. The studies mostly focus on impacts of BIM on sustainable design and 
BIM enhancement for energy analysis. The starting point of the studies is lack of 
BIM technology for reliable energy efficiency, sustainable building design and 
sustainable construction practices. Except two statistical results, model building is 
the contribution of the sustainability related studies and software usage is the most 
common tool used. The three of the articles are carried out within sector-university 
collaboration, which aim to examine the current situation within the industry. The 
subjects that the articles deal with vary as follows.  
Azhar and Brown (2009) investigate the viability of BIM-based sustainability 
analyses by determining the current state and benefits of BIM-based sustainability 
analyses, evaluating various building performance analyses software and developing 
a conceptual framework to illustrate the use of BIM for sustainability analyses 
throughout the project life-cycle. Azhar et al. (2011), moreover, present the ways 
designers and planners may use BIM for various sustainability analyses in pursuit of 
LEED certification. A conceptual framework was developed to establish the 
relationship between BIM-based sustainability analyses and the LEED certification 
process and validated via a case study. The results of BIM-based sustainability 
analyses software can provide documentation supporting LEED credits directly or 
indirectly. This process could streamline the LEED certification process and save 
substantial time and resources, which would otherwise be required using traditional 
methods (Azhar et al, 2011). Furthermore, Wong and Fan (2013) examine the 
contributions, which BIM can make to the production of sustainable building designs 
via design tool analysis, a case study and structured face-to-face interviews. 
Additionally, a survey was developed and administered through the Internet to 
determine the existing trends of BIM application in general as well as its use as a tool 
in sustainable design and construction by Bynum et al. (2013). The main aim of this 
research is to investigate the perceptions of the use of BIM for sustainable design and 
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construction among designers and constructors. Even though it is believed that 
sustainable design and construction practices were of importance within the firms, 
sustainability is not a primary application of BIM when compared to project 
coordination and visualization. Geyer (2012) developed a parametric method to 
model systems for sustainable building design via Systems Modelling Language 
(SysML) and considered it to be integrated into the CAD/BIM-based design process 
as future studies.  
While a new methodology to provide energy simulations from BIM models 
expeditiously, which facilitates the energy conscious decisions during the design 
phase was developed by Kim and Anderson (2013), Ma and Zhao (2008) focus on 
establishing the model of the next generation energy-efficient design for buildings 
BIM supported software.  
A holistic environment for wireless embedded monitoring and control systems to 
increase the efficiency of the overall system development process and to exploit their 
potential for reduction of building energy consumption is presented by Gökçe and 
Gökçe (2013). BIM integrated model is developed and applied in a real building to 
improve current building conditions. Besides, Larsen et al. (2011) discusses 3D laser 
scanning and BIM approach for the surveying and documentation of a building's 
existing state and the need to establish a continuous digital chain that encompasses 
the various project stages from the survey to the site assembly of the elements for 
improving the energy efficiency of existing buildings. In other respects, Lagüela et 
al. (2013) propose a methodology for the automatic generation of textured as-built 
models via BIM, starting with data acquisition and continuing with geometric and 
thermo graphic data processing for reduction in energy consumption and CO2 
emissions. Similarly, Mah et al. (2011) and Li et al. (2012) concern about the carbon 
emissions by using BIM techniques in order to reach a more exact quantification 
result.   
Green BIM, on the other hand, has been increasingly discussed for more sustainable 
outcomes in various studies as an emerging trend (for further details see: Bank et al, 
2010; Haagenrud et al, 2008; lhan and Yaman, 2013; Krygiel and Nies, 2008; Lee et 
al, 2011; McGraw-Hill Construction, 2010; Wu and Issa, 2011 and Zhao, 2011). An 
online survey designed by McGraw-Hill Construction for 2010 Green BIM Study is 
conducted with a range of industry professionals who use BIM tools to assess the 
20 
level and scope of use of BIM tools to help achieve sustainability and/or building 
performance objectives as well as the expected level and scope of use in the future. 
The results of the study show that BIM is considered as an essential tool for green 
construction and expected in extensive use of green market in the near future. The 
report also makes a list of the areas that are key to the potential growth of Green BIM 
and its impact on the green building marketplace as follows: Software Integration, 
Integrated Output from Different Building Systems, Modeling Standards, Increasing 
Use of BIM for Small Green Retrofit Projects, Using BIM for Building Performance 
Monitoring and Verification and Greater Use of Integrated Design. On the other 
hand, studies regarding to relationship between BIM and LEED have been carried 
out. For instance, Wu and Issa (2011) propose a 3rd party web service relying on 
BIM as the information backbone to facilitate the LEED documentation generation 
and management. Furthermore, Bank et al. (2010) has worked on the integration of a 
decision-making framework for sustainable design of buildings with a BIM tool. 
lhan and Yaman (2013) focuses on the current state of BIM in sustainability as well 
as other factors affecting the success of sustainable construction projects by 
performing interviews with the Turkish architectural firms participated in certificated 
sustainable projects in order to find out the key indicators for better BIM and 
sustainability integration solutions. The findings are considered to be useful 
indicators for the integration of BIM with standards of sustainable construction. The 
results of the analysis show that BIM is not used thoroughly for sustainable projects 
including all building production processes due to lack of allocated budget for 
efficient BIM usage and qualified staff. Moreover, the difficulty of developing 
sustainable material and IFC database and the limitation of using current standards in 
Turkey can be listed as drawbacks of BIM and sustainability integration.  
The results of the analysis show that impacts of BIM on various topics from 
education to scheduling, integration of BIM for improved outcomes, easy BIM 
adoption and implementation, enhancement of BIM, accurate data exchange and 
interoperability are the main areas for BIM related studies. The influence of the listed 
aspects is indisputable on the construction projects generated by several participants 
composed of different professional fields. Therefore, the named areas are discussed 
in most of the studies. The other areas can be listed as benefits and advantages of and 
barriers and limitations to BIM usage. With the comprehension and dissemination of 
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BIM importance in recent years, the number of the studies in which BIM is discussed 
for advanced solutions has increased.  
BIM is considered to become a fundamental tool for sustainable design and 
construction due to the potential benefits offered through its use. Moreover, since 
BIM provides an opportunity for superposing the multidisciplinary information 
within one model powerfully, the importance of sustainable data addition into the 
BIM model has been discussed recently due to the increased demand for green 
certification. However, the number and content of studies related to sustainability 
concept indicate that there is still a gap for integrated solutions, especially studies 
intended for whole certification process in order to encourage sustainable 
construction. In this sense, integrated design process with sustainable properties 
simplifies the certification process in terms of time and cost. Even though the 
importance of using BIM technology for sustainability is discussed in the literature, 
there are some barriers to a fully integration such as lack of functional tools and 
complex structure of existing tools. It is, therefore, important to propose a supporting 
method that facilitates the sustainable project decisions generated by BIM software 
for an integrated BIM and sustainable data model.  
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3.  BUILDING INFORMATION MODELING AND SUSTAINABILITY 
In this section, the concepts of BIM, IFC and sustainability are reviewed. The 
definition of BIM, BIM history and major BIM solutions are explained first.   
Interoperability in the construction industry is addressed next. In this context, the 
structure of the IFC data model standard, STEP data representation standard, 
EXPRESS data modelling language and model view definition are described 
respectively. Then, sustainable design and construction and green building 
assessment systems are discussed. Finally, the impacts of BIM on sustainability are 
investigated.  
3.1 Building Information Modeling (BIM)  
The concept of the building information modeling (BIM), which is an object-oriented 
technology, is revolutionizing the way projects are designed and built (Nawari, 
2012). It is a model-based process of generating, storing, managing, exchanging and 
sharing building information in an interoperable and reusable way (Vanlande et al, 
2008).  
BIM provides a three dimensional (3D) representation of a building that contains 
database storage mechanisms for properties and parameters of all the elements in that 
building unlike previous drawing methods, either manual or computer-aided 
(coordinate-based software, knowledge-based or object oriented systems) 
(Zyskowski and Valentine, 2009).  
The main idea of BIM is to simulate the construction project in a virtual environment 
before actually built it, in order to resolve any potential design conflicts. BIM offers 
a wealth of information that is generated automatically as the model is created and 
provides many efficiencies and benefits for all stakeholders across the project 
lifecycle (Eadie et al, 2013; Nawari, 2012).  
It is a project simulation consisting of the 3D models of the project components with 
links to all the required information connected with the projects’ planning, 
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construction or operation, and decommissioning (Kymmell, 2008). This information 
is used for project planning and programming, cost estimating, project control as 
well as management of the operation and maintenance processes.  
BIM is realized with object-oriented software and consists of parametric objects 
representing building components (Cerovsek, 2011; Lee et al; 2006). Objects may 
have geometric or non-geometric attributes with functional, semantic or topologic 
information (Eastman et al, 2011; Wong and Yang, 2010). As Volk et al (2014) 
stated functional attributes can be installation durations or costs, semantic 
information store e.g. connectivity, aggregation, containment or intersection 
information and topologic attributes provide e.g. information about objects' locations, 
adjacency, co-planarity or perpendicularity.  
The geometric and non-geometric information of a wall object comprising a window 
is illustrated in Figure 3.1.  
 
Figure 3.1 : Wall object within BIM software. 
The objects are generated in 3D, however, the information going into plans, 
elevation, sections, specifications and analysis data are manipulated at the same time. 
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Moreover, a BIM column is not merely depicted as a 2D representation or 3D 
extrusion, but exists in the model as an intelligent object that “knows” that it is a 
column (Levy, 2011).  
3.1.1 Definition of BIM  
The acronym BIM is used both as a noun (Building Information Model) as well as a 
verb (Building Information Modeling). As a noun, a BIM is an unambiguously 
defined digital representation of the physical and functional characteristics of a 
facility. The representation is composed of digital objects corresponding to real 
world components such as doors, walls, and windows with associated relationships, 
attributes and properties. As a verb, BIM is any process used to create, manage, 
derive and communicate information among stakeholders at various levels using 
models created by different project participants at different times for different 
purposes to ensure quality and efficiency throughout the lifecycle of the construction 
process (IBC, 2011).  
BIM is defined by international standards as “shared digital representation of 
physical and functional characteristics of any built object (including buildings, 
bridges, roads, etc.), which forms a reliable basis for decisions” (ISO 29481-1, 
2010).  
National Building Specification (NBS) (2010) defines a building information model 
as “a rich information model, consisting of potentially multiple data sources, 
elements of which can be shared across all stakeholders and be maintained across 
the life of a building from inception to recycling (cradle to cradle)” and continues as 
“the information model can include contract and specification properties, personnel, 
programming, quantities, cost, spaces and geometry. This integrated format offers 
significant benefits, such as cost reductions, entire carbon impact analysis, early 
clash identification, compliance checking, better project management and simpler 
procurement to name a few”.  
BIM is expressed by the US National BIM Standard (NBIMS) (2007) as “a digital 
representation of physical and functional characteristics of a facility and serves as a 
shared knowledge resource for information about a facility forming a reliable basis 
for decisions during its lifecycle from inception onward”. 
NBIMS (2007) defines BIM in three dimensions: 
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i. The Building Information Model (a product) is a structured data set 
describing a building; 
ii. Building Information Modeling (a process) is the act of creating a Building 
Information Model; 
iii. Building Information Management (a system) comprises the business work 
and communication structure that increase quality and efficiency.  
BIM can be seen from a narrow and a broader perspective (Figure 3.2).  
 
Figure 3.2 : Narrow and broader perspective of BIM (Gray et al, 2013; Gu and 
London, 2010; Volk et al, 2014). 
BIM in a narrow sense (‘little bim’ (Jernigan, 2007), ‘tool’ (Eastman et al, 2011)) 
comprises solely the digital building model itself in the sense of a central information 
management hub or repository (Eastman et al, 2011; Redmond et al, 2012; Watson, 
2011) and its model creation issues. Commercial BIM platforms offer integrated data 
management, component libraries and general functionalities (Eastman et al, 2011). 
Widespread differentiations of BIM are 3D (spatial model with quantity take off), 4D 
(plus construction scheduling) and five-dimensional (5D) (plus cost calculation) BIM 
(Cerovsek, 2011; Eastman et al, 2011).  
BIM in a broader sense (‘BIG BIM’ (Jernigan, 2007)) can be divided into 
interrelated functional, informational, technical and organizational/legal issues. 
Depending onto the stakeholders' needs and the project requirements, a BIM model 
is used to support and perform expert services for buildings such as energy or 
environmental analyses (Eastman et al, 2011). Therefore, two types of expert 
software might interact with a BIM model: (1) data input applications providing 
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services of import, data capture and monitoring, data processing or transformation of 
captured data into BIM or (2) data output applications providing reports or technical 
analyses such as structural and energy analyses or clash detections. 
3.1.2 History of BIM  
The basis of BIM goes back to the 1970s in which the limitations of computer aided 
design and drafting (CADD) has been discussed in the AEC industry. A single 
integrated representation including all geometric and non-geometric information of 
the model was suggested (Baer et al, 1979; Baumgart, 1972; Braid, 1973).  
While CAD systems facilitating the production of 2D drawings were being taken into 
widespread use some researchers and system developers started to envisage more 
advanced building representations, which could solve some of the more demanding 
data sharing functions that graphics-oriented CAD systems cannot (Howard and 
Björk, 2008). The integrated data approach is the evolution of two-dimensional 
digital drafting into building modeling that involves the development of a single 
model of the architectural project that related the 2D, 3D and material property 
information for both schematic and detailed design (Eastman, 1989).  
Even though, the research concerning such models was envisioned as early as in the 
late 1970’s (Eastman, 1978), it started to gain more momentum around 1985, when 
the ISO STEP (for further details see Chapter 3.1.3.2) standardisation project started 
and in the mid 1990s the product modeling standardisation for the building domain 
via the industry foundation classes (for further details see Chapter 3.1.3.1) (Howard 
and Björk, 2008).  
A growing awareness of the importance of the management of the standardisation 
and adoption processes for the eventual success of BIM, has led the commercial 
object-based modelling software to initiate the development of modelling and entity-
based modelling (Url-1, Url-2 and Url-3).  
As pointed out by Eastman (1999), many limitations in developing and using CAD 
have gradually disappeared due to technological advances and the decreasing cost of 
systems and a result of this, the development of object-based modelling has been 
expanding (Tse, 2009). 
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Figure 3.3 : BIM maturity levels, adapted from BIS. 
As BIM continues to develop, clearly, not all businesses will adopt systems and 
technologies at the same rate (Porwal and Hewage, 2013). Figure 3.3 presents the 
maturity level of BIM developed by the UK Department of Business Innovations and 
Skills (BIS).  
There are four levels from 0 to 3. BIS (2011) defined the levels as follows: 
• Level 0: Unmanaged CAD probably 2D, with paper (or electronic paper) as 
the most likely data exchange mechanism. 
• Level 1: Managed CAD in 2 or 3D format using BS1192: 2007 with a 
collaboration tool providing a common data environment, possibly some 
standard data structures and formats. Commercial data managed by 
standalone finance and cost management packages with no integration. 
• Level 2: Managed 3D environment held in separate discipline “BIM” tools 
with attached data. Commercial data managed by an Enterprise Resource 
Planning (ERP). Integration on the basis of proprietary interfaces or bespoke 
middleware could be regarded as “pBIM” (proprietary). The approach may 
utilise 4D programme data and 5D cost elements as well as feed operational 
systems. 
• Level 3: Fully open process and data integration enabled by “web services” 
compliant with the emerging IFC and International Framework Dictionary 
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(IFD) standards, managed by a collaborative model server. Could be regarded 
as iBIM or integrated BIM potentially employing concurrent engineering 
processes. 
3.1.3 Current BIM tools 
A number of commercial BIM design software platforms are currently available for 
Architecture, Engineering, Construction and Facility Management (AEC/FM) 
professionals. These software packages support IFC and most of the systems are 
purported by their developers, to provide IFC import and/or export functionality. 
buildingSMART provides an online database by primary functional category (Url-8). 
The categories are listed as architectural, building performance, building services, 
construction management, data server, development tools, facility management, 
general modelling, geographic information system, model viewer, structural and 
other. 
The industry recognized major BIM solutions by their categories are listed in Figure 
3.4.  
 
Figure 3.4 : Major BIM tools matrix.  
Autodesk’s Revit® is one of the most widely used BIM tools in the AEC industry. 
BIM suite includes Revit® Architecture, Revit® MEP and Revit® Structure. 
Autodesk offers a web-based BIM environmental analysis tool, called Green 
Building Studio. It has also recently acquired Ecotect Analysis as its comprehensive 
energy tool. Revit® uses a central library database structure for storing and linking 
information. Revit® has an extensive object library, referred to as “families”, which 
are predominantly developed by third-party vendors. Information is bi-directionally 
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supported between the information database and model views. Revit® uses an “in-
memory” system (information must be loaded into the project file to be used in the 
model), which can make project files very large and performance can suffer as a 
result – especially when dealing with server-based collaboration. 
Bentley’s MicroStation® focuses on a wide range of solutions for AEC industries, 
including bridges, buildings, government, campuses, communications, utilities, 
factories, mining and metals, process manufacturing, power generation, rail and 
transit, roads, and water and wastewater. The buildings category includes a family of 
products including, Architecture, Generative Components, Structural Modeler, 
Building Mechanical Systems, Building Electrical Systems, Facilities, and 
ProjectWise Navigator (for multi-project and multi-user collaboration). The software 
has a relatively small parametric object library, which may be due to inconsistent 
object behaviours. Bentley Architecture® features a distributed file structure to help 
manage large projects, but this type of file organization can be difficult to set up and 
manage. 
Graphisoft’s ArchiCAD® (also owned by Nemetschek) is the oldest BIM design 
tools still available on the market to date (Eastman et al, 2011). Graphisoft offers 
various extensions for ArchiCAD® including MEP Modeler, Virtual Building 
Explorer (for interactive 3D presentation), Eco Designer (for energy analysis) and 
Artlantis (for high-quality rendering). Graphisoft lacks a dedicated structural BIM 
application, but has created interfaces to work with a variety of other proprietary 
structural tools, including Revit® Structure, Tekla Structures® and Scia Engineer®. 
ArchiCAD® supports various “add-ons” developed by third-part vendors to extend 
the functionality of the core BIM tool capabilities. ArchiCAD®’s model information 
is managed by a centralized database, similar to Revit®. ArchiCAD® uses an “in-
memory” system, which presents scalability issues for large projects, but models can 
be partitioned into smaller modules to make them manageable. In addition, 
Graphisoft has developed the first BIM Server application, specifically intended to 
make large project collaboration easier and faster (Url-9).  
3.2 Interoperability and Industry Foundation Classes (IFC)   
Interoperability is one of the major themes of research and development in 
information technology for the architecture, engineering, construction, and facilities 
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management industries due to its ability of diverse systems and organizations to 
work together.  
A model-based approach to interoperability requires information structures that are 
standardized throughout the industry (Froese, 2003). To improve data 
interoperability, several standard methods have been proposed, which can be 
summarized by a standard software platform such as the STEP model data (officially 
known as ISO standard 10303), Industry Foundation Classes (IFC), and Architecture/ 
Engineering/ Construction Extensible Markup Language (aecXML); a unified 
information model (UML) such as a parametric model and BIM; and a standard 
classification such as MasterFormat, UniFormat and IFD (Daegu, 2009). 
The IFC schema is widely recognized as the common data exchange format for 
interoperability within the AEC industry (Eastman et al, 2011), and registered with 
ISO as ISO16739 (buildingSMART, 2010).  
IFC provides a neutral data format enabling interoperability between systems 
(Liebich et al, 2006). It represents BIM for sharing construction and facility 
management data across various applications used in the AEC/FM industry (Howard 
and Björk, 2007). IFCs include object specifications or classes and provide a useful 
structure for data sharing among applications (Vanlande et al, 2008). 
The structure of IFC is presented via a four-layer architecture, which consists of a 
Resource Layer, a Core Layer, an Interoperability Layer and a Domain Layer (Figure 
3.5).  
The Resource Layer provides general classes (entities) that can be used by any of the 
other higher-level layers. These classes describe such items as Geometry, Material, 
Measurement, Property and Cost.  
The Core Layer contains the Kernel and three specific extensions. Core classes are 
referenced by either the Interoperability Layer or the Domain Layer. The Core Layer 
defines the basic structure of the IFC object model with the Kernel defining the 
concepts of objects, relationships, type definitions, attributes and roles. The Core 
Extensions apply the generic concepts maintained in the Kernel to specific AEC/FM 
Control, Product and Process classes.  
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The Interoperability Layer defines shared resources accessible to the Domain Layer. 
The intent of the Interoperability layer is to provide modular classes, which can be 
used by more than one Domain model.  
Finally, the Domain Layer provides AEC/FM domain or process specific model 
detail (buildingSMART, 2010; Eastman et al, 2011). The IFC schema is 
fundamentally based upon class definitions (entities) with defined and extensible 
attributes and relationships.  
Since IFC standard does not try to specify everything in building construction, in 
addition to the included property sets it also supports user defined property sets 
which are a simple way to hold information. User defined property sets should start 
with an identifier other than “Pset_” which is reserved for property sets that form 
part of a particular IFC standard. Once user defined properties are added to a project 
they can optionally be exported along with the project to an IFC file. For example, 
ArchiCAD® commonly adds automatically populated “AC_Pset” properties to 
certain classes such as “IfcWall”. These non-standard properties encode information 
that the ArchiCAD® program is able to automatically determine about the project 
but which is not part of any currently existing IFC standard. 
The IFC specification is based on EXPRESS representational language, which is the 
same data definition language used in STEP or CIMSteel Integration Standards 
(CIS/2). In addition to the IFC-EXPRESS specification buildingSMART has also 
proposed a global Extensible Markup Language (XML) schema of Common Objects, 
known as ifcXML. The main purpose of the ifcXML is to provide homogeneity and 
interoperability between the IFCs data model and XML based applications (Daegu, 
2009). The XML schema is automatically created from the IFC-EXPRESS source 
using the XML representation of EXPRESS schemas and data. 
This ensures that both IFC-EXPRESS and ifcXML handle the same data consistently 
and that the *.ifc and *.ifcXML data files can be converted bi-directionally 
(buildingSMART, 2010).  
In an effort to provide industry-wide guidelines to software developers for the 
development of IFC import/export functions for specific data exchange scenarios, 
buildingSMART proposed the Information Delivery Manual (IDM) and the model 
view definition (MVD) (Lee et al, 2013).  
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Figure 3.5 : The IFC2x3 architecture (buildingSMART, 2010). 
3.2.1 ISO-STEP data representation standard 
STEP is a comprehensive ISO standard, provides the digital data information 
representation and exchange. It aims to provide a mechanism that is capable of 
describing product data throughout the life cycle of a product, independent from any 
particular system.  
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STEP creates data interchange formats and standardised application-programming 
interfaces (APIs) that enable the flow of product data between different software 
applications (Reschke and Tucker, 1996).  
STEP was originally developed for the needs of the manufacturing domains. As 
compared to the manufacturing industry, the construction industry is considerably 
fragmented and its products may vary significantly from one project to the other. 
However, the use of STEP, facilitated by some sorts of Product Data Management 
(PDM) systems and interfaces, enables the transfer of product data between 
development partners and facilitates integration with the CAD systems (Goellnitz et 
al, 2001; Ungerer and Buchanan, 2002).  
An object-oriented machine-readable modelling language, namely EXPRESS, was 
one of the main products of STEP (Eastman et al, 2011).  
3.2.2 EXPRESS data modeling language 
EXPRESS, which is an ISO (10303-11:1994) certified modeling language is used for 
large variety of domain models across different engineering industries.  
EXPRESS is a language, which consists of language elements that allow an 
unambiguous data definition and specification of constraints on the data defined and 
by which aspects of product data can be specified. It deals with data types and 
constraints on instances of the data types.  
It also defines a graphical representation (EXPRESS-G) for a subset of the constructs 
in the EXPRESS language. EXPRESS is not a programming language; it is a 
standard data modeling language for product data. While a building is a product, 
EXPRESS can be used to describe building information.  
At its core, the notions of inheritance supporting classes (called ENTITIYs in 
EXPRESS) and attributes of these classes that can have simple, derived or user-
defined data types including references to other entity instances.  
To illustrate some of the EXPRESS modeling features as well as the specific design 
choices and modeling approaches used in the IFC model, information captured about 
doors is traced through the model as an example.  
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Figure 3.6 shows the EXPRESS schema definition examples of the IfcDoor entity 
and its superclass IfcRoot (Mazairac and Beetz, 2013).  
 
Figure 3.6 : EXPRESS schema definition examples of the IfcDoor and IfcRoot.  
3.2.3 Model View Definition (MVD) 
An MVD or IFC View Definition defines a subset of the IFC schema that is needed 
to satisfy one or many exchange requirements of the AEC industry 
(buildingSMART, 2010). Even though IFC is a rich product-modeling schema, it is 
highly redundant, offering multiple ways to define objects, relations, and attributes 
(Venugopal et al, 2012). Thus, data exchanges are often unreliable due to 
inconsistencies in the assumptions different implementers of exchange functions 
make about how information should be expressed (Sacks et al, 2010). There are often 
unpredictable differences in the ways in which export and import functions treat the 
same data, posing a barrier to the advance of BIM (Eastman et al, 2010; Olofsson et 
al, 2008). Defining model view definitions, which require principal decisions and 
workarounds, is needed since the IFC itself does not address a number of semantic 
issues comprehensively. An MVD structures relevant information for efficient 
information flow between stakeholders in building-related processes and for energy 
or structural analyses (Volk et al, 2014). MVD definition depends on the required 
functionality and the referred BIM objects and attributes in process and interaction 
maps (Espedokken, 2011). An MVD describes what building data must be included 
for defined scenarios.  
There are several organizations or development teams, which specify MVDs in order 
to facilitate data exchanges in the AEC/FM industry (Url-7). 
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The Coordination View was the first MVD developed by buildingSMART 
International and is currently the most widely implemented view of the IFC scheme. 
The main purpose of the Coordination View is to allow sharing of building 
information models among the disciplines of architecture, structural engineering and 
building services (mechanical). It contains definitions of spatial structure; building 
and building service elements that are needed for coordinating design information 
among these disciplines.  
The Concept Design BIM 2010, as another MVD is supported/required by the US 
General Services Administration (GSA), Statsbygg (Norway) and Senate Properties 
(Finland). Another example is the FM Handover MVD, which was developed by 
buildingSMART to exchange facility management information among building 
models. All MVDs can be extended by add-on model view definitions. 
3.3 Sustainable Construction  
In this time of a rapidly rising world population, with its increased demand for scarce 
resources and continued pollution, sustainability is quickly becoming the dominant 
issue of our era (Wong and Fan, 2013).  
There is no consensus on the definition of sustainable construction. However, the 
common interpretation of sustainability within the construction industry is the 
provision of buildings that use less virgin material and energy and produce less 
pollution and waste (Szokolay, 2004; Zimmermann et al, 2005). The Hong Kong 
Housing Authority describes sustainable construction as follows (SB08, 2008): 
• Environmental sustainability – we have to build, upkeep and manage our 
estates with efficient use of natural resources and minimize the impact on 
environment. 
• Social sustainability – we have to nurture social cohesion and provide a safe 
and healthy environment not only to our tenants, but those working on 
construction sites and day-to-day management of our estates as well. 
• Economic sustainability – we have to build cost-effectively while 
functionally meeting users’ requirements, keep our operating costs low, 
extend the service life of our estate through Total Maintenance Scheme and 
enforce tenancy control for best utilization of existing stock. 
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3.3.1 Sustainability concept  
The sustainability concept has been frequently encountered in the construction sector 
as in many other industries over the last two decades.  
The term of green in building design and construction started with the formation of 
Building Research Establishment (BRE), the American Institute of Architects (AIA) 
Committee on the Environment (COTE) and the US Green Building Council 
(USGBC) and in the early 1990s (Krygiel and Nies, 2008).  
The AIA defines sustainability as “the ability of society to continue functioning into 
the future without being forced into decline through exhaustion or overloading of the 
key resources on which that system depends”.  
World Commission on the Environment and Development, also known as the 
Brundtland Commission (1897) defined sustainability in construction as “sustainable 
development meets the needs of the present without compromising the ability of 
future generations to meet their own needs”. 
Moreover, when other factors such as global warming, pollution and rapid 
consumption of energy resources are taken into consideration, sustainability is 
becoming increasingly important in today’s construction industry. Therefore, various 
stakeholders including research institutes, governments and other non-profit 
establishments have discussed the sustainable solutions. In this context, green 
building rating systems play a key role in the dissemination of sustainable projects. 
This section examines BREEAM and LEED, giving a brief explanation of each 
system. The named criteria-based assessment and certification systems are addressed 
in this study due to their common usage in Turkey. 
3.3.2 Green building rating systems 
Green building rating systems are of great importance for dissemination of 
sustainable construction in the face of the increased demand for sustainability. Many 
of them have been developed to determine whether capacity exists for further 
development, or whether a development is sustainable, or whether progress is being 
made towards sustainable development. The overall goal is to have a common set of 
criteria and targets and these are typically embodied in design guides that help 
professionals to design, construct and manage the building more sustainably (Reed et 
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al, 2011). ‘Indicators’ are an important part of the range of the systems available and 
relate mainly to parameters that can be measured to show trends or sudden changes 
in a particular condition. It is important to distinguish between those systems used 
for measurement (identifying variables measuring sustainable development and 
collecting relevant data) and those used for assessment (evaluating performance 
against criteria), as well as those systems which can be used to effect a move towards 
sustainable development by changing practice and procedures (BRE, 2008; Therivel, 
2004). The rating systems attempt to (a) achieve continuous improvement to 
optimize building performance and minimise environmental impact, (b) provide a 
measure of a building’s effect on upon the environment and (c) set credible 
standards’ by which buildings can be judged objectively (Reed et al, 2011). 
Worldwide, there are more than 600 rating systems that measure the social, 
environmental and economic dimensions of sustainability (BRE, 2008). These 
include but are not limited to: Australia’s Green Star; Canada’s LEED Canada; 
Germany’s Sustainable Building Council (DGNB) Certification System; India's 
Green Building Council (IGBC) Rating System and LEED India; Japan's 
Comprehensive Assessment System for Building Environmental Efficiency; New 
Zealand’s Green Star; South Africa’s Green Star; United Kingdom’s BREEAM and 
the United State's LEED. Most of these rating systems’ primary criteria are similar in 
that they evaluate a building’s energy consumption, water efficiency, material use 
and indoor environmental quality (WorldGBC, 2010). 
Figure 3.7 presents the timeline of the development of the green building rating 
systems. 
 
Figure 3.7 : Timeline of the development of the ratings systems (Reed et al, 2011).  
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As Reed et al (2011) stated, the current era of rating tools commenced in 1990 with 
the introduction of the BREEAM rating system and five years later this was followed 
by the French system, High Quality Environmental (HQE) standard and by LEED 
before 2000. Further analysis of this diagram confirms that the evolution of rating 
systems into different countries is largely based on the initial rating systems; for 
example see BREEAM (Netherlands), LEED (Emirates) and Green Star (South 
Africa).  
This study gives a brief explanation of BREEAM and LEED due to their common 
usage in Turkey. 
3.3.2.1 BREEAM  
BREEAM, the oldest assessment method developed by BRE in the United Kingdom 
as a tool to measure a building’s environmental performance, addresses wide-ranging 
sustainability issues and enables developers, designers and building managers to 
demonstrate the environmental credentials of their buildings to clients, planners and 
other initial parties (BREEAM, 2010).  
While the original version of BREEAM was limited to the office buildings, it has 
been developed and is available in a range of building types including existing 
buildings. The main areas in the assessment system are Management, Health and 
Well-Being, Energy, Transport, Water, Materials, Waste, Land Use and Ecology, 
Pollution and Innovation (added in 2009 version) respectively. Credits are awarded 
in each area according to performance and then added together through a combined 
weighting process in order to rate the building on a scale of Pass, Good, Very Good, 
Excellent or Outstanding and finally a certificate is awarded to the project (Krygiel 
and Nies, 2008). Furthermore, BREEAM International, BREEAM Europe 
Commercial and BREEAM Gulf are the other categories developed for using aside 
from the UK.  
3.3.2.2 LEED 
LEED was developed by USGBC in 1998 for the purpose of sustainable buildings 
via measurement standards (USGBC, 2011). LEED system, initially introduced for 
new construction (NC), has been developed over time in various versions for 
different types of buildings such as LEED for Core and Shell Development, 
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Commercial Interiors, Existing Buildings, Homes, Schools, and Retail. Under the 
LEED-NC system, buildings are judged via a credit system in five categories of 
environmental performance and one additional area for innovative strategies, which 
are Sustainable Sites, Water Efficiency, Energy and Atmosphere, Materials and 
Resources, Indoor Environmental Quality and Innovation and Design (Krygiel and 
Nies, 2008). The final score is obtained by adding the credits from each category to 
determine the level of certification awarded to the project. The LEED levels of 
certification are Certified, Silver, Gold and Platinum based on the points. 
3.3.2.3 Comparison of BREEAM and LEED 
This section makes a comparison between BREEAM and LEED, which are the two 
most widely recognised environmental assessment methodologies used globally in 
the construction industry today. Table 3.1 summaries the comparison of BREEAM 
International 2013 and LEED 2009, the current versions of the assessment systems. 
As Sleeuw (2011) stated, even though there is a considerable degree of commonality 
between BREEAM and LEED in terms of their aims, approach and structure, there 
are significant differences in terms of scope of environmental issues addressed, 
metrics and performance standards. Whereas there are no LEED credits for life cycle 
assessment, regarding to sustainable materials and life-cycle impacts, BRE has 
produced the Green Book Live and the Green Guide to Specification.    
The process of certification differs between the two methods. BREEAM trains 
assessors who assess the evidence against the credit criteria and report it to the BRE 
that validates the assessment and issues the certificate, there is a credit available if an 
accredited professional (AP) whose role is to help for gathering the evidence and 
advise the client in LEED system (BSRIA, 2009). Green Building Certification 
Institute (GBCI) evaluates and issues the certification for LEED. 
Although studies indicate that BREEAM’s scope is wider and its standards are on the 
whole more difficult to achieve than LEED’s, they also demonstrate that direct 
comparison of rating classifications under each method is not straightforward. 
Meaningful comparisons of actual individual project ratings would require each 
project to be assessed under each method, which would be costly and unlikely to be 
undertaken (Sleeuw, 2011).  
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Table 3.1 : BREEAM and LEED comparison summary, adapted from (BSRIA, 
2009; Sleeuw, 2011). 
 BREEAM  LEED  
BREEAM Schemes/ 
LEED Rating 
Systems 
New Construction* 
Refurbishment 
Communities Bespoke 
In-Use 
(*New Construction assesses the 
following building types: 
Offices, industrial, retail, data 
centres, education, healthcare, 
prisons, law courts, multi-
residential, non-residential, 
assembly and leisure and other) 
New Construction and Major 
Renovations 
Existing Buildings: 
Operations and Maintenance 
Commercial Interiors 
Core and Shell 
Schools 
Retail 
Healthcare 
Homes 
Neighbourhood Development 
Categories 
Management (12%) 
Health and Well-Being (15%) 
Energy (19%) 
Transport (8%) 
Water (6%) 
Materials (12.5%) 
Waste (7.5%) 
Land Use and Ecology (10%) 
Pollution (10%) 
Innovation (10% additional) 
Sustainable Sites (21 points) 
Water Efficiency (11 points) 
Energy and Atmosphere (37 
points)   
Materials and Resources (14 
points) 
Indoor Environmental 
Quality (17 points) 
Innovation and Design (6 
points additional) 
Ratings  
Unclassified (<30) 
Pass (30) 
Good (45) 
Very Good (55) 
Excellent (70) 
Outstanding (>85) 
Certified (40-49 points) 
Silver (50-59 points) 
Gold (60-79 points) 
Platinum (>80 points) 
Evidence Collation 
BREEAM Assessor, Design, 
Construction and 
Management Teams  
Design, Construction and 
Management Teams and 
Accredited Professional (AP) 
Assessment/Review Trained and licensed BREEAM assessors 
GBCI through network of 
third party certification 
bodies 
QA/Certification BRE/BRE USGBC/GBCI 
Weaknesses  
• Very exact requirements 
• Complex weighting system 
• Market profile 
• Cost of compliance 
• Intense documentation 
required 
• No independent audit of the 
assessment 
• Mixing building function 
and form is difficult to assess 
Strengths  
• Allows comparison and 
benchmarking of different 
buildings 
• Independently audited 
• Can assess any building 
with the Bespoke version  
• Strong marketing gets the 
message through 
• Lots of information 
available 
• No need for an assessor and 
training 
42 
BREEAM and LEED continue to compete and develop against a background of 
continually improving regulatory standards and dissemination of best practice 
worldwide. If, in addition, common metrics and performance standards can be agreed 
then both methods may eventually achieve a sufficient degree of parity, which would 
mutually enhance their usefulness (Sleeuw, 2011).  
3.3.3 Sustainability in the Turkish construction industry 
As pointed out in the previous sections, many developed countries have adopted the 
green building guidelines and many developing countries are in the process of 
adopting them (Korkmaz et al, 2009). The Green Building Association in Turkey, 
established in 2007, aims to contribute to the building industry’s development by 
means of the spread of principles of sustainability. Turkish Green Building 
Association is currently working on green transformation of the construction industry 
by adapting an environmental certificate system for buildings specific to the 
geographical, climatic, political, social and technological context of Turkey 
(ÇEDBK, 2011). 
Currently, BREEAM and LEED assessment systems are used for certification of the 
projects in the Turkish construction industry. Whereas 69 projects are certified by 
LEED, the number of the BREEAM certified projects is 36. Figure 3.8 and Figure 
3.9 presents the projects by their ratings and schemes respectively. 
 
Figure 3.8 : BREEAM and LEED certified projects in Turkey by ratings. 
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Figure 3.9 : BREEAM and LEED certified projects in Turkey by schemes. 
Even though there is an increasing tendency for green buildings in Turkey, certified 
projects still remain less due to the lack of the conditions in the Turkish construction 
industry that need for an effective usage of the green building rating systems. 
Continuity of the building performance measurement and its adaptation according to 
the international energy assessment systems have a great importance on 
sustainability.   
Some regulations regarding to the energy performance of buildings in Turkey have 
been set by the Ministry of Environment and Urban Planning since 2008. Within the 
context of these regulations, each building should have an energy identity certificate 
via BEP-TR (Building Energy Performance Software). 
3.4 BIM and Sustainable Construction 
BIM and sustainability are relatively new concepts within the AEC industry, thus 
their relationship is just beginning to realize its potential (Bynum et al, 2013). BIM is 
ideally suited to the delivery of information enabling improved design and building 
performance (Wong and Fan, 2013). BIM makes possible the efficient achievement 
of more sustainable designs. Two major beneficial features of BIM in relation to 
sustainable building design are those of Integrated Project Delivery (IPD) and Design 
Optimization. Traditionally CAD-based design requires a great deal of human 
intervention and the whole process is time-consuming and costly. However, with 
BIM, designers can optimize the building design efficiently in the very early stages 
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of the whole process and produce a better solution. Krygiel and Nies (2008) 
suggested several innovations within BIM such as improvements in software 
interoperability and integration of a carbon accounting tracker and weather data in 
order to provide for the next steps in enhancing its capabilities with sustainability. 
Azhar (2011) described the use of BIM to select building orientation, evaluate 
various skin options, and perform daylight studies for its positioning on the selected 
site during the design phase, thus enhancing its sustainability. Holness (2008) notes 
that due to the trend in sustainability toward net-zero-energy buildings and carbon 
emissions reduction, designers need to analyse the building as a fully integrated 
dynamic design and construction process. Stadel et al (2011) suggested the use of 
BIM capabilities with life-cycle cost analysis (LCCA) to perform carbon accounting 
based on exporting the material schedule for the building and the use of BIM 
software plug-ins for calculating operational energy use and carbon emissions.  
The major contributions of BIM to sustainable building design are given below 
(Figure 3.10). 
 
Figure 3.10 : Contributions of BIM to sustainable building design (Wong and Fan, 
2013).  
Since the demand for both BIM and sustainability is increasing annually, the 
development of more sophisticated robust platforms is necessary to maintain the 
level of achievement reached so far. Sustainable measures must be enhanced in order 
to improve on established goals set forth through green building rating systems. BIM 
must increase its capacity to integrate environmental analysis and improve 
interoperability. The advancement of technology will assist both sustainability and 
45 
BIM in establishing standards of excellence in the future. However, and most 
importantly, the AEC industry and owners must be willing to implement these 
performance tools into their standards of practice. Additionally, parties must be 
willing to cooperate with one another so that an optimal collaborative effort is 
provided for sustainable building projects (Bynum et al, 2013).  
Lack of interoperability of sustainable data limits the application of BIM in building 
design and needs to be considered earlier in the planning stage. In addition, the 
overall practical effectiveness of BIM still needs to be analysed and validated 
(Bernstein and Pittman, 2004; Gu and London, 2010; Lu and Li, 2011; Moreira et al, 
2010).  
Nevertheless, there is a common consensus that BIM is currently still immature for 
its full adoption in the construction industry. Wong and Fan (2013) made some 
recommendations for the future development of BIM in sustainable building design 
as follows:  
• BIM standards: Though BIM can be used now in a number of ways to 
support sustainable designs and the process of collaborative project delivery, 
BIM solutions need to be more integrated in order to achieve seamless 
interoperability. Therefore, continuous research and development efforts are 
needed to help improve existing practice and create new applications 
including the establishment of BIM standards to facilitate interoperability. 
• Industrial culture change: For construction industry enhancement in the long 
run, an industry culture change for the promotion of construction IT including 
BIM is necessary. Tertiary education, professional development and 
government initiatives are also essential to support any industry 
enhancement. 
• Training and education: There is a great lack of well-educated and trained 
BIM professionals. More training is recommended, therefore, for a range of 
people in the construction industry. It would be even better if there were more 
construction oriented degree programmes, which incorporated BIM in the 
curriculum to a significant degree.  
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4.  PROPOSED INTEGRATED BIM – SUSTAINABLE DATA MODEL 
In this section, integrated BIM and sustainable data model is presented. The purpose, 
limitations and parameters of the model are first introduced within the model 
overview. The property sets including BREEAM and LEED scenarios are proposed 
next. Then, the minimum model view definition is outlined. The green materials 
database (GMDB) and library (GML) are discussed respectively. Following this, the 
green building assessment tool (GBAT) including the algorithms for each material 
issue is presented. 
4.1 Model Overview 
Since most sustainable decisions are made during the design stage of the building 
production process, integrating the sustainable data into this process via BIM is 
critically important. In the current situation, due to lack of measured sustainable 
strategies’ direct access into BIM models, the integration requires considerable effort 
and time such that the evaluation of sustainable data remains an after design stage 
process for most of the cases. A model for BIM integration with standards of 
sustainable construction proposes an integrated solution. An IFC-based framework is 
introduced for providing an integrated platform to work on and facilitating the green 
documentation generation in order to get certification. Due to being an open standard 
widely supported by industry tools, IFC is preferred for the proposed model. The 
components of the model are presented in Figure 4.1. The proposed model has three 
main modules: 
(1) Property sets for IFC model schema,  
(2) Green materials database and  
(3) Green materials library.  
The first module is developing the property sets that represent the initial data for 
green certification. The property sets are developed using IFC data model standard, 
which is an open, international and standardised specification for BIM data that is 
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exchanged and shared among software applications used by the various participants 
in a building, construction or facilities management project. The process of the 
property set determination includes the investigation of the major categories and 
criteria of the green building assessment systems, designation of the possible 
categories for IFC schema, creation of the property sets and acquisition of the related 
data for green building documents. The second module of the proposed framework is 
creating the green materials database, which depends on the related green building 
rating system. So that, the stored green data in the database is used for calculation. 
The last module, on the other hand, is generating the library based on the green 
materials data. The green materials database consists of the environmental 
information of building materials and components, whereas the green materials 
library is conducive to use that information within the BIM software. The specified 
modules are the inputs for the BIM software. The output of the related BIM software, 
which is the IFC form of the completed project, effectuates the input for the next step 
of the proposed model.  
 
Figure 4.1 : Proposed integrated BIM – sustainable data model. 
In the last step, the proposed desktop application is run. It makes the calculation 
depending upon the obtained data from the previous steps in order to generate the 
green building certification assessment documents. Finally, an evaluation can be 
made according to the results and targeted certification level such as need of 
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reconsidering used materials and replacing them with more green materials in the 
case of lacking credits. 
4.1.1 Purpose of the model 
The main purpose of the framework is to provide a guideline for the design team to 
address the sustainable features of the project during the design stage. It is intended 
to fill the gap of BIM integration with standards of sustainable construction by using 
the IFC model schema.  
4.1.2 Limitations of the model 
Due to the area of usage in Turkey, ÇEDBK’s studies based on BREEAM and lack 
of BREEAM – BIM studies in the literature; the model focuses on BREEAM. In this 
sense, BREEAM Europe Commercial 2009, which is an assessment method that 
enables developers to evaluate, improve and demonstrate the environmental 
credentials of their building in a consistent way in different countries across Europe 
including Turkey, is examined. BREEAM Europe Commercial 2009 Assessor 
Manual has been used for the assessment of the projects undertaken in Turkey until 
recently. As of 1st June 2013, the BREEAM Europe Commercial 2009 scheme has 
been superseded by BREEAM International New Construction 2013 as the current 
scheme for registration and certification of new construction projects. Since 
BREEAM International New Construction 2013 was released after the process of 
setting the model for the previous BREAAM manual, the model is based on the 
requirements of the BREEAM Europe Commercial 2009. Nevertheless, the 
applicability and adaptation of the proposed model to the new BREEAM technical 
manual is discussed in conclusion.  
On the other hand, there are some assumptions for the implementation of the model. 
Since the materials category is the most computable category of BREEAM Europe 
Commercial 2009, the scope of the proposed property sets for the first module of the 
framework is limited to the materials. The materials category is the most Accessing 
the green materials database manually is the other limitation of the model due to the 
requirement to log into the green guide to specification. Any IFC Standard 
Compliant software, which adequately supports a suitable Model View Definition 
such as Concept Design 2010, is targeted. Therefore, Graphisoft ArchiCAD® 17 is 
determined as the BIM software for implementing and validating the proposed 
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model. Finally, there are limitations relating to the assessment tool such as its being a 
desktop application and requirement of MS Access Database Engine® and IFC File 
Analyzer (IFA) (Url-4) installation. 
4.1.3 Parameters of the model 
The parameters of the proposed model are derived from the property sets, green 
materials, IFC form of the BIM project and the input from the user into the 
assessment tool. While the property sets are based on the categories of the green 
building assessment system, the materials and components are designated according 
to the related specification of that assessment system. The categories and green 
materials are embedded in the BIM software via property set and green materials 
library respectively so that the project can be created with respect to them. The user 
should enter the values of the property sets. The data of the generated project 
including the property sets; building elements and materials is stored as in the IFC 
format in order to be the last parameter for the assessment tool of the proposed 
model. According to the input provided by the user into the program, the calculations 
are made.   
4.2 Proposed Property Sets  
This section focuses on designating the green properties to the BIM projects via 
developing property sets, which are incorporated within the IFC structure. To 
effectively determine the property sets, the process includes three main steps, which 
are examining the green building assessment system, the analysis of the major 
category areas of that assessment system and determining the property sets for IFC 
model schema respectively (Figure 4.2).   
 
Figure 4.2 : Property set determination process.  
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BREEAM and LEED are discussed and each category of sustainable building rating 
systems is considered as an individual property set in order to comprise the 
certification property sets. As stated previously, BREEAM and LEED are the main 
assessment systems used for green building certification in the Turkish construction 
industry. Additionally, due to the lack of BREEAM studies, the scope of the 
proposed property sets is limited to the Materials category of BREEAM Europe 
Commercial 2009. Figure 4.3 presents the property set in the IFC schema form.  
 
Figure 4.3 : BRPset_Materials schema. 
The property set is generated for schema IfcArchitectureDomain in the domain layer 
of the general IFC architecture and applicable to IfcProject entity as illustrated in 
Figure 4.4. All data types for each criterion are set as IfcBoolean, which means the 
data type can have value TRUE or FALSE. Moreover, for gathering the data related 
to project, reused materials and responsibly sourced materials, property sets are 
developed (Figure 4.5, 4.6 and 4.7). BRPset_ProjectInformation has ProjectType and 
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BuildingType properties, which are enumeration. BRPset_ReusedMaterials concerns 
reused façade and structure materials for BREEAM certification. Therefore, 
FacadeReused and StructureReused properties identify whether the existing façade 
and structure materials are reused. The properties of responsibly sourced materials 
are derived from BRPset_ResponsiblySourcedMaterials. It first controls whether if 
the material is responsibly sourced and then gives the tier level of responsibly 
sourced ones. Thus, ResponsiblySourced is IfcBoolean and TierLevel has an 
EnumList. While BRPset_ProjectInformation is applicable to IfcProject entity; 
BRPset_ReusedMaterials and BRPset_ResponsiblySourcedMaterials are applicable 
to IfcBuildingElement entity.  
The XML schemas of the developed property sets are given in the appendix 
(Appendix A).  
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Figure 4.4 : Proposed BRPset_Materials (IFC2x3 property set definition reference). 
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Figure 4.5 : Proposed BRPset_ProjectInformation (IFC2x3 property set definition reference). 
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Figure 4.6 : Proposed BRPset_ReusedMaterials (IFC2x3 property set definition reference). 
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Figure 4.7 : Proposed BRPset_ResponsiblySourcedMaterials (IFC2x3 property set definition reference). 
 
 
57 
On the other hand, a classification reference is created for obtaining the green guide 
rating of each building element with the reference name Green Guide to 
Specification and the item reference is set as the element number.  
4.2.1 BREEAM scenario  
Each category for certification process is intended to be a property set with the 
criteria as their properties. The proposed psets are listed as BRPset_Management, 
BRPset_HealthandWellBeing, BRPset_Energy, BRPset_Transport, BRPset_Water, 
BRPset_Materials, BRPset_Waste, BRPset_LandUseandEcology, BRPset_Pollution, 
BRPset_Innovation.  
Figure 4.8 provides the EXPRESS-G schema in the new IFC release. 
 
Figure 4.8 : Schema for BREEAM (IFC2x4 RC3). 
4.2.2 LEED scenario  
The approach used for BREEAM is also applied for projects targeted for LEED 
certification. Therefore, the proposed psets are as follows: LEPset_SustainableSites, 
LEPset_WaterEfficiency, LEPset_EnergyandAtmosphere, 
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LEPset_MaterialsandResources, LEPset_IndoorEnvironmentalQuality, 
LEPset_InnovationDesign. Figure 4.9 shows the schema for LEED property sets in 
the IFC2x4 RC3.  
 
Figure 4.9 : Schema for LEED (IFC2x4 RC3). 
4.3 Minimum Model View Definition (MVD) 
In this section, the minimal set of IFC aspects that must be exported to the IFC file 
for it to be a valid input into the GBAT, are outlined. The project entity and main 
building elements that are necessarily discussed for BREEAM certification are 
included. These elements are: Beam, column, curtain wall, slab, stair flight, wall and 
window. The minimum model view definitions for each entity are developed for the 
proposed integrated BIM and sustainable data model (Figure 4.10-4.14). 
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Figure 4.10 : Model view definition: Project and stair flight.  
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Figure 4.11 : Model view definition: Beam and column.  
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Figure 4.12 : Model view definition: Curtain wall and window.  
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Figure 4.13 : Model view definition: Slab.  
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Figure 4.14 : Model view definition: Wall.
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4.4 Green Materials Database (GMDB) 
GMDB, the second module of the framework is based on the requirements of the 
related green building assessment system. It has an importance for providing the 
necessary information to the green building assessment tool. For the proposed model 
the database is created according to the Green Guide to Specification, which is an 
environmental profiling system for building materials and components used for 
BREEAM certification. The environmental ratings in this publication are based on 
life cycle assessment (LCA), an environmental impact assessment method for 
products and materials that is used for the calculation.  
The Green Guide specifications have been arranged into tabular form for common 
building elemental categories: Ground floors, upper floors, separating floors, roofs, 
external walls, windows and curtain walling, internal walls, separating walls, 
insulation and landscaping (Anderson et al, 2009). The building elements and 
materials taken into consideration are specified according to the building type (Table 
4.1).  
Table 4.1 : Building elements/materials – building type matrix. 
Building Elements and  
Materials                                  
 
 
                               Building 
Type D
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Upper Floor Construction      
Ground Floor Construction      
Internal Wall      
Domestic Windows      
Commercial Windows      
External Wall Construction      
Insulation      
Separating Floor      
Separating Wall      
Roof Construction      
Landscaping      
Floor Finishes      
Classroom Walls      
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For each building type, the building elements included for the calculation vary. The 
listed building elements and materials except commercial windows and classroom 
walls are regarded for domestic. However, external wall construction, insulation, 
roof construction and landscaping are the common building components and 
materials for all building types. On the other hand, health, commercial and retail 
buildings have the same building elements and materials. 
For each building element, the Green Guide ratings are displayed by building type. A 
sample table of is given in Figure 4.15. Solid concrete ground floor types are listed 
and their environmental ratings are displayed. The values of the rating range from 
A+ to E. The summary rating takes account of the performance of the specification 
for each of the environmental impacts. Where those with A+ ratings will have lower 
overall environmental impact than those with A or B ratings, and E ratings have the 
most environmental impact.  
It should be also noted that a building element might have a different summary rating 
depending upon the building type it is used. For instance, screeded beam and aircrete 
block flooring as an upper floor construction has the summary rating of A+ for health 
and commercial buildings, while B value for domestic and retail. On the other hand, 
it has A summary rating provided that it is used in education building.   
 
Figure 4.15 : Sample table for the green guide to specification (Anderson et al, 
2009). 
The database proposed for the model is built by setting up the relationships between 
the building elements and building types. Since the element number of each building 
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element is unique, it is useful to link up among the components of the model. A 
section of the created database is presented in Table 4.2. 
4.5 Green Materials Library (GML) 
GML as the third module of the framework is important for providing the practicable 
sustainable data. The library is composed of the building elements addressed in the 
green materials database. The building elemental categories specified by Green 
Guide to Specification are addressed separately and all components for each building 
element are generated for BIM software library.  
The building elements created for green materials library are: Upper floor, ground 
floor, internal wall, domestic windows, commercial windows, external wall, 
insulation, separating floor, separating wall, roof, landscaping – boundary protection 
wall, landscaping – floor and floor finishes. Table 4.3 shows the classification of the 
created elements within ArchiCAD® 17 structure.  
Where floors, walls and roof are classified as composites, insulation and floor 
finishes are defined in building materials as part of those composites. On the other 
hand, windows are approached separately as in the other BIM supported software. 
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Table 4.2 : Green materials database (GMDB). 
Building Type Category Sub-Category Element Type Element Definition Element  Number 
Summary 
Rating 
Domestic Upper Floor Construction    
Upper Floor 
Construction  
Power floated post tensioned in 
situ reinforced concrete floor 
slab  
807280055 C 
Commercial, 
Health 
Upper Floor 
Construction    
Upper Floor 
Construction  
Power floated post tensioned in 
situ reinforced concrete floor 
slab  
807280055 A 
Domestic, Health, 
Commercial, 
Retail, Industrial, 
Education 
External Wall 
Construction 
Blockwork 
Cavity Wall 
Element  
Brick, Stone & 
Block Cavity Wall 
Brickwork outer leaf, 
insulation, aircrete blockwork 
inner leaf, cement mortar, 
plaster, paint 
806170028 A+ 
Domestic, Health, 
Industrial, 
Commercial, Retail 
Internal Wall    Masonry Partitions Aircrete blockwork with thin joint mortar, plasterboard, paint  809180050 B 
Health, Offices, 
Retail, Industrial, 
Education, Housing 
(high rise) 
Commercial 
Windows    
   
Windows 
PVC-U window with steel 
reinforcement, double glazed  831500001 A+ 
Domestic, Health, 
Commercial, 
Retail, Industrial, 
Education 
Insulation  Insulation Extruded polystyrene (XPS) (HFC blown) density 35 kg/m³ 815320027 E 
Domestic, Health, 
Commercial, 
Retail, Industrial, 
Education 
Landscaping    
Surfacing for 
Heavily Trafficked 
Areas 
Clay pavers (50mm) over 
prepared recycled sub-base  822120035 A 
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Table 4.3 : Building elements for ArchiCAD® library. 
Building Elements Element Attribute 
Ground Floor  
Slab Upper Floor  Separating Floor 
Landscaping – Floor 
Internal Wall 
Wall External Wall Separating Wall 
Landscaping – Boundary Protection Wall 
Domestic Windows Window Commercial Windows 
Roof Roof, Slab 
Insulation Building Material 
Floor Finishes Building Material 
An external wall composite structure is presented in Figure 4.16, as an example of 
the created elements. The definition of the composite includes the main category to 
distinguish and the element number specified in the green guide to specification. The 
insulation layer of the external wall composite that needs to be calculated for green 
certification is expressed in the building materials (Figure 4.17). 
 
Figure 4.16 : Sample of composite within ArchiCAD®.  
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Figure 4.17 : Sample of building material within ArchiCAD®. 
The file including the green materials is then saved as a template file (Breeam 
Template.tpl) and inserted into the ArchiCAD® (see Figure 5.3). This template is 
used for generating the sustainable project.  
4.6 Green Building Assessment Tool (GBAT) 
The last stage of the proposed model is developing the green building assessment 
tool. Figure 4.18 shows the use case diagram for the green building assessment tool 
prepared using Unified Modeling Language (UML).  
 
Figure 4.18 : UML use case diagram for GBAT. 
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The assessment tool is proposed as a desktop application that calculates the available 
points for each BREEAM materials issues. The input of the application is the IFC 
format of the BIM model. It makes the calculation depending on the BREEAM guide 
and finally shows the results. After uploading the IFC file into the GBAT, the tool 
saves the IFC file and makes the calculation according to the building and project 
type specified as necessitated by the green guide specifications interrelating between 
the web server and database. 
A desktop application is proposed instead of a web application for several reasons. 
Even though web applications provide some advantages such as the ubiquity of web 
browsers and easier dissemination than traditional programs, ability of update and 
maintain without influencing the users; due to the security reasons and requirement 
of hosting, the tool is designed and developed as a desktop application. Since the IFC 
format of the project is requested to upload by the user, it may not be preferred for 
privacy and security reasons. 
The requirements, work flow diagrams and IFC algorithms of each issue for 
materials category are discussed in the following sections.    
4.6.1 Mat 1 – Materials specification (major building elements) 
The main purpose of Mat 1 is to distinguish and encourage the use of construction 
materials with a low environmental impact over the full life cycle of the building. 
There are two criteria for the assessment. Where the first option depends on the green 
guide ratings for the major building elements; embodied carbon dioxide, energy or 
carbon foot printing tool and nationally recognised life cycle analysis tool are 
concerned in the second option.  
Since the projects completed in Turkey, are evaluated by the first option, the model 
is based on the green guide to specification. 
The building elements and materials to be examined for the calculation are taken into 
consideration according to the building and project type.  
Table 4.4 gives the building elements/materials and project and building type matrix 
for Mat 1 – Materials Specification. The major building elements and materials to be 
discussed are based on the project type firstly, and then the building type.  
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For instance, for a new construction retail project; upper floors, windows, external 
walls and roof are the building elements to be examined for Mat 1 calculation. On 
the other hand, only internal walls and floor finishes need to be figured out for fit-out 
projects.  
Table 4.4 : Building elements/materials – project and building type matrix. 
Project Type 
New Build or 
Major 
Refurbishment 
Fit-Out 
Building Elements and  
Materials                               
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Upper Floor Construction      
Internal Wall      
Commercial Windows      
External Wall Construction      
Roof Construction      
Floor Finishes      
Each applicable element gets the points according to its Green Guide rating as shown 
in Table 4.5. 
Table 4.5 : Green guide rating and points matching. 
Green Guide 
Rating Points/Element 
A+ 3 
A 2 
B 1 
C 0.5 
D 0.25 
E 0 
After the calculation process of each building element, the total number of points is 
converted into BREEAM credits that change according to the project type (Table 
4.6). While fit-out and new build or refurbishment industrial projects can have more 
credits with less point, new build or refurbishment offices and retails need to collect 
more points for achieving a higher credit. The calculation process for Mat 1 issue is 
described based on the BREEAM Europe Commercial 2009 technical guide, which 
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is represented by flowchart (Figure 4.19). Flowcharts are the representation of a 
process showing each activity as boxes and the connections between the activities as 
arrows. Figure 4.19 describes the computer algorithm for Mat 1. 
Table 4.6 : Total points and BREEAM credits matrix. 
Total 
Points 
New Build and Refurbishments Fit-Out 
Offices Retail Industrial 
Offices  
Retail  
Industrial 
2 1 Credit 1 Credit 1 Credit 1 Credit 
4 - - 2 Credits  2 Credits 
5 2 Credits 2 Credits 
One additional 
exemplary 
credit 
One additional 
exemplary credit 
8 3 Credits 3 Credits - - 
10 4 Credits 4 Credits - - 
12 One additional exemplary credit 
One additional 
exemplary 
credit 
- - 
Since Mat 1 issue is based on materials specification, which specification is used is 
found out firstly. Therefore, it checks the IFC file for the first property of the 
BRPset_Materials property set. 
 
Figure 4.19 : Workflow diagram for Mat 1. 
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In case of it’s being true, the related data is acquired from the IFC file and required 
calculations are made depending upon the BREEAM guide. Finally, the green guide 
points and available credits are awarded.  
The examined building elements vary by the project and building type as given in 
Table 4.4. After getting the related data and their quantities, the green guide ratings 
are obtained from the database (Table 4.2) and the corresponding points for each 
element (Table 4.5) are matched. Following this, weighted score of each element are 
reached by multiplying the quantity and points. The total weighted score and total 
quantity of all building elements are then used for the green guide point calculation. 
The available credits are awarded according to the total points and credits matrix 
(Table 4.6). 
4.6.2 Mat 2 – Hard landscaping and boundary protection  
Mat 2 aims to recognise and encourage the specification of materials for boundary 
protection and external hard surfaces that have a low environmental impact, taking 
account of the full life cycle of materials used. As in Mat 1 issue, there are two 
assessment criteria: Green guide to specification and other materials assessment tool 
(for further details see Mat 1). Green guide ratings are used for hard landscaping and 
boundary protection due to the evaluation method in Turkey.  
Workflow diagram given in Figure 4.20 presents the calculation process for Mat 2 
issue. It is based on the BREEAM Europe Commercial 2009 technical guide. Firstly, 
existing natural features are examined. Hence, the value of Mat 2a_Natural Boundary 
is derived from the IFC file. Any existing or specified natural boundary protection 
such as hedging or other living barrier should be awarded with an A+ rating for the 
purposes of this analysis. In the contrary case, the required calculation is made 
depending upon the green guide to specification (Mat 2b_Hard Landscaping and 
Boundary Protection). The examined building elements vary by the project and 
building type as given in Table 4.4. After getting the related data and their quantities, 
the green guide ratings are obtained from the database (Table 4.2) and the 
corresponding points for each element (Table 4.5) are matched.  
Following this, the percentage of A or A+ rated external hard landscaping and 
boundary protection determines if this issue is awarded or not. The available credits 
are awarded according to the total points and credits matrix (Table 4.6). 
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Figure 4.20 : Workflow diagram for Mat 2. 
4.6.3 Mat 3 – Re-use of façade 
The third issue of the materials category concerns the in-situ reuse of existing 
building façades. It encourages the reuse of existing building materials for more 
sustainable solutions. Figure 4.21 presents the workflow diagram for Mat 3. 
Depending upon the existence of any in-situ reused materials, the calculation is 
made. In order to find out this, Mat 3_Façade Reuse property is checked from the 
IFC file. The information of the reused materials should be distinguishing and 
entered into the software by the user in order to acquire the related data from the IFC 
file. After obtaining the related data and their quantities by area or mass, the 
available credits are awarded according to the percentage of the reused materials. 
Any exposed building face excluding party walls should be taken into account.  
In practice, reusing façades will often require extensive renovation and/or 
reinforcement; hence the BREEAM requirement for at least 50% by area or 80% by 
mass of the reused façade to be in situ reused material. Façades with new external 
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cladding or internal lining therefore can gain this credit provided that this criterion is 
met (BREEAM Europe Commercial, 2009).  
 
Figure 4.21 : Workflow diagram for Mat 3. 
4.6.4 Mat 4 – Re-use of structure 
The next issue of the materials category, re-use of structure aims to recognise and 
encourage the reuse of existing structures that previously occupied the site. Figure 
4.22 presents the workflow diagram for Mat 4. The IFC file is firstly examined for 
the project type. There is no available credit for new build and fit out projects, 
whereas the calculation is made for major refurbishment projects provided that 
existing structure materials are in-situ reused (Mat 4_Structure Reuse). The user 
directly indicates re-use of the structure via the program front-end. After obtaining 
the related data and their quantities by volume, the available credits are awarded 
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according to the percentage of existing primary structure reuse without significant 
strengthening or alteration works.  
 
Figure 4.22 : Workflow diagram for Mat 4. 
On the other hand, where a project is part refurbishment and part new build, the 
reused structure comprises at least 50% by volume of the final building. For instance, 
any new build extension to a building being refurbished should not be larger than the 
original building to qualify for this credit (BREEAM Europe Commercial, 2009). 
Major structural elements such as floors, columns, beams, load bearing walls and 
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foundations where required for structural use by the new building should be included 
for the calculation.   
4.6.5 Mat 5 – Responsible sourcing of materials 
In this issue of the materials category, the specification of responsibly sourced 
materials for key building elements are recognised and encouraged. Where different 
assessment criteria and elements are examined depending on the project types, the 
common materials are applicable to all project types (Table 4.7). Insulation 
materials, fixings, adhesives and additives are excluded from the assessment.  
Table 4.7 : Project type, building/fit-out elements and applicable materials. 
Project Type Building Elements/ Fit-Out Elements Applicable Materials 
New Build or 
Major 
Refurbishment 
Structural Frame 
Ground floor 
Upper floors (including 
separating floors) 
Roof 
External walls 
Internal walls 
Foundation/substructure 
Staircase 
Brick (including clay tiles and 
other ceramics) 
Resin-based composites and 
materials, including GRP and 
polymeric render 
Concrete (including in-situ and 
pre-cast concrete, blocks, tiles, 
mortars, cementious renders etc.) 
Glass 
Plastics and rubbers (including 
EPDM, TPO, PVC and VET 
roofing membranes including 
polymeric renders) 
Metals (steel, aluminium etc.) 
Dressed or building stone 
including slate 
Timber, timber composite and 
wood panels (including glulam, 
plywood, OSB, MDF, chipboard 
and cement bonded particleboard) 
Plasterboard and plaster 
Bituminous materials, such as 
roofing membranes and asphalt 
Other mineral-based materials, 
including fibre cement and 
calcium silicate 
Products with recycled content 
Fit-Out 
Stairs 
Windows 
External and internal doors 
Skirting 
Panelling 
Furniture 
Fascia 
Any other significant use 
78 
Each applicable material is assigned to a responsible sourcing tier level based on the 
level and scope of certification achieved by the material suppliers/manufacturers 
(Figure 4.23).  
 
Figure 4.23 : Responsible sourcing tier levels and criteria (BREEAM Europe 
Commercial, 2009). 
Workflow diagram for responsible sourcing of the materials is presented in Figure 
4.24. The workflow proceeds depending on the existence of the responsibly sourced 
materials, which is checked via BRPset_Materials (Mat 5_Responsibly Sourced 
Materials). The required data for calculation changes according to the project type as 
presented in Table 4.7. The quantities of the related data by area are acquired and the 
percentage of all related materials is obtained. In the case of corresponding the 
necessary percentage, the responsible sourcing tier level for each building or fit-out 
element should be selected. Then, the final score of all responsibly sourced materials 
is calculated by multiplying the tier level points for each element. The available 
credits are awarded according to the final score. Moreover, there is an exemplary 
level criterion, which is excluded from the workflow diagram. In addition to the 
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above criteria, 95% of the applicable materials, comprised within the applicable 
building elements, have been responsibly sourced achieve an innovation credit for 
this BREEAM issue. 
 
Figure 4.24 : Workflow diagram for Mat 5. 
4.6.6 Mat 6 – Insulation 
This BREEAM issue aims to encourage the use of thermal insulation, which has a 
low embodied environmental impact relative to its thermal properties and has been 
responsibly sourced. The insulation specified for use within the external walls, 
ground floor, roof and building services is assessed and examined in two respects. 
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Firstly, the embodied impact is analysed by determining the green guide rating for 
the thermal insulation materials. For the second credit, the thermal insulation 
materials are discussed in terms of responsible sourcing.  
The workflow diagram including embodied impact and responsible sourcing is 
represented in Figure 4.25.  
The first credit is based on Mat 6a_Insulation property that identifies if the thermal 
insulation is Green Guide to Specification (= TRUE) or not (= FALSE). If it is true, 
the data of the related thermal insulation materials is acquired from the IFC file first 
in order to calculate the insulation index for awarding the credits. After getting the 
quantities, thickness and thermal conductivity of the insulation material, area 
weighted thermal resistance is calculated. Then, the green guide ratings are obtained 
from the database (Table 4.2) and corresponding points for each thermal insulation 
material (Table 4.5) are matched. The green guide rating correction of each 
insulation material is obtained by multiplying the thermal resistance and related 
rating points. Finally, the insulation index is obtained from the total area weighted 
thermal resistance and green guide rating correction. The available credits are 
awarded according to the insulation index. 
The second credit is achieved via responsible sourcing of the insulation materials. If 
the thermal insulation has been responsibly sourced (Mat 6b_Responsibly Sourced 
Insulation), the quantities of the related data by area are acquired and the percentage 
of all related materials is obtained from the IFC file. In the case of corresponding the 
necessary percentage, the responsible sourcing tier level (Figure 4.23) for each 
insulation material should be determined. Then, the final score of all responsibly 
sourced materials is calculated by multiplying the tier level points for each element. 
The available credits are awarded according to the final score.  
Both credits can be awarded independently of each other. For instance, it is not a 
requirement of the second credit that the first is achieved and vice-versa. 
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Figure 4.25 : Workflow diagram for Mat 6. 
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4.6.7 Mat 7 – Designing for robustness  
The purpose of the last issue of the materials category is to identify and encourage 
the adequate protection of exposed parts of the building and landscape in order to 
minimise the frequency of use of replacement materials. Internal and external areas 
of the building where vehicular, trolley and pedestrian movement occur are 
evaluated. Suitable durability and protection measures or design features have been 
specified to prevent damage to the vulnerable parts of these building areas from such 
traffic. The following criteria have to be included but not necessarily limited to 
(BREEAM Europe Commercial, 2009).  
• Protection from the effects of high pedestrian traffic in main entrances, public 
areas and thoroughfares (corridors, lifts, stairs, doors etc). 
• Protection against any internal vehicular/trolley movement within 1m of the 
internal building fabric in storage, delivery, corridor and kitchen areas. 
• Protection against, or prevention from, any potential vehicular collision 
where vehicular parking and manoeuvring occurs within 1m of the external 
building façade for all car parking areas and within 2m for all delivery areas. 
The data regarding to Mat 7 property of the BRPset_Materials property set is 
acquired from the IFC file. Depending on the existence of roboust design, this issue 
is awarded 1 credit or not.  
4.6.8 GBAT Algorithms 
In this section the algorithm for computing the BREEAM materials scores from the 
IFC file and database of green guide ratings is outlined. 
4.6.8.1 Mat 1 
The property Mat 1 Materials Specification controls whether the green guide points 
for Mat 1 should be computed. If Mat 1 Materials Specification = TRUE then the 
algorithm described in this subsection should be followed else if Mat 1 Materials 
Specification = FALSE the program should skip this subsection and begin by 
computing Mat 2 as outlined in the next subsection.  
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The area of each IfcWall/ IfcWallStandardCase/ IfcCurtainWall, IfcWindow, 
IfcSlab (floor) and IfcSlab (roof) should be computed according to equations (4.1-
4.4).  
The sum of the areas of external IfcWall/ IfcWallStandardCase/ IfcCurtainWall 
building elements classified with ItemReference (Element Number) e is given by 
AeWall = aieWall
i
  (4.1) 
where aWall is the NetSideArea for IfcWall/ IfcWallStandardCase and the Gross- 
SideArea for IfcCurtainWall. The index i runs over all IfcWall/ 
IfcWallStandardCase/ IfcCurtainWall objects for which IsExternal = TRUE. For 
windows, 
AeWindow = aieWindow
i
  (4.2) 
here i indexes all IfcWindow objects for which IsExternal = TRUE and aWindow is the 
corresponding Area. For IfcSlab objects, slabs of type FLOOR and ROOF are 
considered separately. For floors, 
AeFloor = aieFloor
i
  (4.3) 
where i indexes IfcSlab objects with PredefinedType = FLOOR and aFloor is the 
corresponding NetArea. For roof, 
AeRoof = aieRoof
i
  (4.4) 
where i indexes IfcSlab objects with PredefinedType = ROOF and aRoof is the 
corresponding NetArea. 
If all areas (4.1-4.4) are 0, do not compute the green guide points P for Mat 1 and 
continue at Mat 2, else, to compute PMat1, a weighted sum of the areas multiplied by 
their green guide rating Re should be divided by the total area. Thus, 
PMat1 =
AeWallReWall + AeWindowReWindow + AeFloorReFloor + AeRoof ReRoof( )
e

AeWall + AeWindow + AeFloor + AeRoof( )
e

 
(4.5) 
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here Re is the BREEAM green guide rating corresponding the items of element 
number e.  
4.6.8.2 Mat 2 
The property Mat 2a Natural Boundary controls whether there is any natural 
boundary. If Mat 2a Natural Boundary = TRUE then 1 credit is awarded for Mat 2 
else if Mat 2a Natural Boundary = FALSE the program should check Mat 2b. The 
property Mat 2b Hard Landscaping and Boundary Protection controls whether the 
green guide percentage for Mat 2 should be computed. If Mat 2b Hard Landscaping 
and Boundary Protection = TRUE then the algorithm described in this subsection 
should be followed else if Mat 2b Hard Landscaping and Boundary Protection = 
FALSE the program should skip this subsection and begin by computing Mat 3 as 
outlined in the next subsection. 
The area of each IfcWall/ IfcWallStandardCase and IfcSlab (landing) should be 
computed according to equations (4.6 and 4.7).  
The sum of the areas of boundary IfcWall/ IfcWallStandardCase building elements 
classified with ItemReference (Element Number) e is given by 
AeBWall = aieBWall
i
  (4.6) 
where aBWall is the NetSideArea for IfcWall/ IfcWallStandardCase. The index i 
runs over all IfcWall/ IfcWallStandardCase objects that do not have IsExternal = 
TRUE or FALSE. For hard landscaping, 
AeLSlab = aieLSlab
i
  (4.7) 
where i indexes IfcSlab objects with PredefinedType = LANDING and aLSlab is the 
corresponding NetArea. 
If all areas (4.6 and 4.7) are 0, do not compute the fraction of A and A+ rated 
boundary walls and hard landscaping T for Mat 2 and continue at Mat 3, else, to 
compute TMat2, Xe = 1 if the item corresponding to e has a green rating of A or A+ 
and Xe = 0 if the item corresponding to e has a green rating of not A and not A+. The 
fraction of the boundary walls and hard landscaping with green ratings of A or A+ is 
given by  
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TMat2 =
AeBWallXeBWall + AeLSlabXeLSlab( )
e

AeBWall + AeLSlab( )
e

 
(4.8) 
4.6.8.3 Mat 3 
The property Mat 3 Façade Reuse controls whether existing building facades are in-
situ reused. If Mat 3 Façade Reuse = TRUE then the algorithm described in this 
subsection should be followed else if Mat 3 Façade Reuse = FALSE the program 
should skip this subsection and begin by computing Mat 4 as outlined in the next 
subsection. 
The area of each IfcWall/ IfcWallStandardCase/ IfcCurtainWall and IfcWindow 
should be computed according to equations (4.9-4.12).  
Total area of external IfcWall/ IfcWallStandardCase/ IfcCurtainWall building 
elements are given by 
AWall = aiWall
i
  (4.9) 
where aWall is the NetSideArea for IfcWall/ IfcWallStandardCase and the Gross- 
SideArea for IfcCurtainWall. The index i runs over all IfcWall/ 
IfcWallStandardCase/ IfcCurtainWall objects for which IsExternal = TRUE. For 
windows, 
AWindow = aiWindow
i
  (4.10) 
here i indexes all IfcWindow objects for which IsExternal = TRUE and aWindow is the 
corresponding Area. 
Total area of external walls of IfcWall/ IfcWallStandardCase/ IfcCurtainWall 
building elements for which the facade has been reused is given by 
AFRWall = aiFRWall
i
  (4.11) 
where aFRWall is the NetSideArea for IfcWall/ IfcWallStandardCase and the 
GrossSideArea for IfcCurtainWall and i indexes all IfcWall/ 
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IfcWallStandardCase/ IfcCurtainWall for which IsExternal = TRUE and 
FacadeReused = TRUE. For windows, 
AFRWindow = aiFRWindow
i
  (4.12) 
here the index i runs over all IfcWindow for which IsExternal = TRUE and 
FacadeReused = TRUE and aFRWindow is the Area. 
If all areas (4.9 and 4.10) are 0, do not compute the fraction of façade elements 
including in-situ reused materials F for Mat 3 and continue at Mat 4, else, to compute 
FMat3 is given by 
FMat3 =
AFRWall + AFRWindow( )
AWall + AWindow( )
 (4.13) 
4.6.8.4 Mat 4 
The property Mat 4 Structure Reuse controls whether existing structures that 
previously occupied the site are reused for refurbishment projects. If ProjectType = 
Major Refurbishment and Mat 4 Structure Reuse = TRUE then the algorithm 
described in this subsection should be followed else if Mat 4 Structure Reuse = 
FALSE the program should skip this subsection and begin by computing Mat 5 as 
outlined in the next subsection.  
The volume of each IfcWall/ IfcWallStandardCase, IfcColumn, IfcBeam, IfcSlab 
(floor) and IfcSlab (foundation) should be computed according to equations (4.14-
4.23).  
Total volume of load bearing IfcWall/ IfcWallStandardCase building elements are 
given by  
VWall = viWall
i
  (4.14) 
where vWall is the NetVolume for IfcWall/ IfcWallStandardCase. The index i runs 
over all IfcWall/ IfcWallStandardCase objects for which LoadBearing = TRUE. 
For columns, 
VColumn = viColumn
i
  (4.15) 
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here i indexes all IfcColumn objects and vColumn is the corresponding NetVolume. 
For beam, 
V Beam = viBeam
i
  (4.16) 
where vBeam is the NetVolume for IfcBeam and i indexes all IfcBeam objects. For 
floors, 
V Floor = viFloor
i
  (4.17) 
here i indexes IfcSlab objects with PredefinedType = FLOOR and for which 
LoadBearing = TRUE and vFloor is the corresponding NetVolume. For foundation, 
V Foundation = viFoundation
i
  (4.18) 
where i indexes IfcSlab objects with PredefinedType = BASESLAB and for which 
LoadBearing = TRUE and vFoundation is the corresponding NetVolume. 
Total volume of load bearing IfcWall/ IfcWallStandardCase building elements for 
which the structure has been reused is given by  
V SRWall = viSRWall
i
  (4.19) 
where vSRWall is the NetVolume for IfcWall/ IfcWallStandardCase. The index i runs 
over all IfcWall/ IfcWallStandardCase objects for which LoadBearing = TRUE 
and StructureReused = TRUE. For columns, 
V SRColumn = viSRColumn
i
  (4.20) 
here i indexes all IfcColumn objects for which StructureReused = TRUE and 
vSRColumn is the corresponding NetVolume. For beam, 
V SRBeam = viSRBeam
i
  (4.21) 
where vSRBeam is the NetVolume for IfcBeam and i indexes all IfcBeam objects for 
which StructureReused = TRUE. For floors, 
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V SRFloor = viSRFloor
i
  (4.22) 
here vSRFloor is the corresponding NetVolume and i indexes IfcSlab objects with 
PredefinedType = FLOOR, LoadBearing = TRUE and StructureReused = TRUE. For 
foundation, 
V SRFoundation = viSRFoundation
i
  (4.23) 
where the i index runs over all IfcSlab objects with PredefinedType = BASESLAB, 
LoadBearing = TRUE and StructureReused = TRUE. vSRFoundation is the 
corresponding NetVolume. 
If all areas (4.14-4.18) are 0, do not compute the fraction of reused structures S for 
Mat 4 and continue at Mat 5, else, to compute SMat4 is given by 
SMat4 =
VWallSR +VColumnSR +V BeamSR +V FloorSR +V FoundationSR( )
VWall +VColumn +V Beam +V Floor +V Foundation( )
 (4.24) 
4.6.8.5 Mat 5 
The property Mat 5 Responsibly Sourced Materials controls whether sourced 
materials are used for main building elements. If Mat 5 Responsibly Sourced 
Materials = TRUE then the algorithm described in this subsection should be 
followed else if Mat 5 Responsibly Sourced Materials = FALSE the program should 
skip this subsection and begin by computing Mat 6 as outlined in the next subsection.  
The area of each IfcWall/ IfcWallStandardCase/ IfcCurtainWall, IfcColumn, 
IfcBeam, IfcSlab (floor), IfcSlab (foundation), IfcSlab (roof) and IfcStairFlight 
should be computed according to equations (4.25-4.42).  
Total area of external IfcWall/ IfcWallStandardCase/ IfcCurtainWall building 
elements classified are given by  
AWall = aiWall
i
  (4.25) 
where aWall is the NetSideArea for IfcWall/ IfcWallStandardCase and the Gross- 
SideArea for IfcCurtainWall. The index i runs over all IfcWall/ 
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IfcWallStandardCase/ IfcCurtainWall objects for which IsExternal = TRUE. For 
internal walls,  
AIWall = aiIWall
i
  (4.26) 
where aIWall is the NetSideArea for IfcWall/ IfcWallStandardCase. The index i runs 
over all IfcWall/ IfcWallStandardCase objects for which IsExternal = FALSE. For 
column, 
AColumn = aiColumn
i
  (4.27) 
here i indexes all IfcColumn objects and aColumn is the corresponding 
GrossSurfaceArea. For beam, 
ABeam = aiBeam
i
  (4.28) 
where aBeam is the NetSurfaceAreaExtrudedSides for IfcBeam and i indexes all 
IfcBeam objects. For floors, 
AFloor = aiFloor
i
  (4.29) 
here i indexes IfcSlab objects with PredefinedType = FLOOR and and aFloor is the 
corresponding NetArea. For foundation, 
AFoundation = aiFoundation
i
  (4.30) 
where i indexes IfcSlab objects with PredefinedType = BASESLAB and aFoundation is 
the corresponding NetArea. For roof, 
ARoof = aiRoof
i
  (4.31) 
where i indexes IfcSlab objects with PredefinedType = ROOF and aRoof is the 
corresponding NetArea. For stair, 
AStairflight = aiTread + aiRiser
i
  (4.32) 
where i indexes IfcStairflight objects and aTread is the corresponding 
GrossAreaTreads and aRiser is the corresponding GrossAreaRisers. 
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The sum of the areas of external IfcWall/ IfcWallStandardCase/ IfcCurtainWall 
building elements for which materials are responsibly sourced is given by  
ARSWall = aiRSWall
i
  (4.33) 
where aRSWall is the NetSideArea for IfcWall/ IfcWallStandardCase and the Gross- 
SideArea for IfcCurtainWall. The index i runs over all IfcWall/ 
IfcWallStandardCase/ IfcCurtainWall objects for which IsExternal = TRUE and 
ResponsiblySourced = TRUE. For internal walls,  
ARSIWall = aiRSIWall
i
  (4.34) 
where aRSIWall is the NetSideArea for IfcWall/ IfcWallStandardCase. The index i 
runs over all IfcWall/ IfcWallStandardCase objects for which IsExternal = FALSE 
and ResponsiblySourced = TRUE. For column, 
ARSColumn = aiRSColumn
i
  (4.35) 
here i indexes all IfcColumn objects for which ResponsiblySourced = TRUE and 
aRSColumn is the corresponding GrossSurfaceArea. For beam, 
ARSBeam = aiRSBeam
i
  (4.36) 
where aRSBeam is the NetSurfaceAreaExtrudedSides for IfcBeam and i indexes all 
IfcBeam objects for which ResponsiblySourced = TRUE. For floors, 
ARSFloor = aiRSFloor
i
  (4.37) 
here aRSFloor is the corresponding NetArea and i indexes IfcSlab objects with 
PredefinedType = FLOOR and ResponsiblySourced = TRUE. For foundation, 
ARSFoundation = aiRSFoundation
i
  (4.38) 
where aRSFoundation is the corresponding NetArea and i indexes IfcSlab objects with 
PredefinedType = BASESLAB and ResponsiblySourced = TRUE. For roof, 
ARSRoof = aiRSRoof
i
  (4.39) 
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where aRSRoof is the corresponding NetArea and i indexes IfcSlab objects with 
PredefinedType = ROOF and ResponsiblySourced = TRUE. For stair, 
ARSStairFlight = aiRSTread + aiRSRiser
i
  (4.40) 
where i indexes IfcStairFlight objects for which ResponsiblySourced = TRUE and 
aRSTread is the corresponding GrossAreaTreads and aRSRiser is the corresponding 
GrossAreaRisers. 
To compute the fraction of each building element including responsibly sourced 
materials M for Mat 5 responsibly sourced areas should be divided by the total area 
of each building element. If all areas (4.25-4.32) are 0, do not compute the fraction 
and continue at Mat 6, else, to compute MWall is given by 
MWall =
ARSWall
AWall
 
(4.41) 
The fraction of internal wall, column, beam, floor, foundation, ground, roof and 
stairflight should be obtained similarly. For those, which have greater than or equal 
to 4/5 M value, the total points K for Mat 5 is given by  
KMat5 = LiWall
i
 + LiIWall + LiColumn + LiBeam + LiFloor + LiFoundation + LiRoof + LiStairflight  (4.42) 
i indexes all IfcWall/ IfcWallStandardCase/ IfcCurtainWall, IfcColumn, 
IfcBeam, IfcSlab (floor), IfcSlab (foundation), IfcSlab (ground), IfcSlab (roof) and 
IfcStairflight objects which have IfcPropertyEnumeratedValue (TierLevel) and L is 
the corresponding TierLevel. 
4.6.8.6 Mat 6 
The property Mat 6a Insulation controls whether the insulation index for Mat 6 
should be computed. The property Mat 6b Responsibly Sourced Insulation controls 
whether the thermal insulation is responsibly sourced. If Mat 6a Insulation = TRUE 
and Mat 6b Responsibly Sourced Insulation = TRUE then the algorithm described in 
this subsection should be followed else if Mat 6a Insulation = FALSE and Mat 6b 
Responsibly Sourced Insulation = FALSE the program should skip this subsection 
and begin by computing Mat 7 as outlined in the next subsection. If Mat 6a 
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Insulation = TRUE and Mat 6b Responsibly Sourced Insulation = FALSE or Mat 6a 
Insulation = FALSE and Mat 6b Responsibly Sourced Insulation = TRUE then the 
algorithm described in this subsection should be followed independently.   
The area of each IfcWall/ IfcWallStandardCase, IfcSlab (ground floor) and 
IfcSlab (roof) should be computed according to equations (4.43-4.45).  
The sum of the areas of external IfcWall/ IfcWallStandardCase building elements 
constructed of a material layer with insulation element number n is given by 
AnINWall = ainINWall
i
  (4.43) 
where aINWall is the NetSideArea for IfcWall/ IfcWallStandardCase. The index i 
runs over all IfcWall/ IfcWallStandardCase objects for which IsExternal = TRUE. 
For ground floor, 
AnINGround = ainINGround
i
  (4.44) 
where i indexes IfcSlab objects with PredefinedType = BASESLAB and aINGround is 
the corresponding NetArea. For roof, 
AnINRoof = ainINRoof
i
  (4.45) 
where i indexes IfcSlab objects with PredefinedType = ROOF and aINRoof is the 
corresponding NetArea.  
To compute the insulation index, firstly, the area weighted thermal resistance W of 
each IfcWall/ IfcWallStandardCase, IfcSlab (ground floors) and IfcSlab (roof) 
should be computed according to equations (4.45-4.47). To compute area weighted 
thermal resistance for external walls, sum of the areas multiplied by their thermal 
insulation thickness Tn should be divided by thermal conductivity Cn, 
WnWall =
AnINWallTnINWall
CnINWalln
  (4.45) 
for ground floor, 
WnGround =
AnINGroundTnINGround
CnINGroundn
  (4.46) 
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for roof, 
WnRoof =
AnINRoofTnINRoof
CnINRoofn
  (4.47) 
If all area weighted thermal resistances (4.45-4.47) are 0, do not compute the 
insulation index I for Mat 6 and continue at Mat 7, else, to compute IMat6 is given by 
IMat6 =
WnWallRnWall +WnGroundRnGround +WnRoof RnRoof( )
n

WnWall +WnGround +WnRoof( )
n

 
(4.48) 
where Rn is the green guide rating for each insulation. 
The area of each IfcWall/ IfcWallStandardCase, IfcSlab (ground floors) and 
IfcSlab (roof) for which insulation is responsibly sourced should be computed 
according to equations (4.49-4.51).  
The sum of the areas of external IfcWall/ IfcWallStandardCase building elements 
constructed of a material layer with insulation element number n is given by 
AnRSINWall = ainRSINWall
i
  (4.49) 
where aRSINWall is the NetSideArea for IfcWall/ IfcWallStandardCase. The index i 
runs over all IfcWall/ IfcWallStandardCase objects for which IsExternal = TRUE 
and IfcMaterial includes RSM for insulation. For ground floor, 
AnRSINGround = ainRSINGround
i
  (4.50) 
here i indexes IfcSlab objects with PredefinedType = BASESLAB and IfcMaterial 
includes RSM for insulation. aRSINGround is the corresponding NetArea. For roof, 
AnRSINRoof = ainRSINRoof
i
  (4.51) 
where aRSINRoof is the corresponding NetArea and i indexes IfcSlab objects with 
PredefinedType = ROOF and IfcMaterial includes RSM for insulation.  
To compute the fraction of building elements including responsibly sourced 
insulation J, responsibly sourced areas should be divided by the total area. If all areas 
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(4.43-4.45) are 0, do not compute the insulation index J for Mat 6 and continue at 
Mat 7, else, to compute JMat6 is given by 
JMat6 =
AnRSINWall + AnRSINGround + AnRSINRoof( )
n

AnINWall + AnINGround + AnINRoof( )
n

 
(4.52) 
If fraction of building elements including responsibly sourced insulation J is greater 
than or equal to 4/5, 1 credit is awarded for Mat 6.   
4.6.8.7 Mat 7 
The property Mat 7 Designing for Robustness controls whether there are adequate 
protection of exposed parts of the building and landscape. If Mat 7 Designing for 
Robustness = TRUE then 1 credit is awarded for Mat 7 else if Mat 7 Designing for 
Robustness = FALSE the program should terminate. 
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5.  IMPLEMENTATION AND VALIDATION OF THE MODEL  
In this section, integrated BIM – BREEAM model, the architecture of GBAT and a 
sample project are presented for the implementation and validation of the proposed 
model.  
5.1 Integrated BIM – BREEAM Model  
Integrated BIM – BREEAM model is presented in Figure 5.1. The scope of the 
implementation and validation is limited to the materials category of BREEAM 
Europe Commercial 2009. The BREEAM property sets including 
BRPset_ProjectInformation, BRPset_Materials, BRPset_ReusedMaterials and 
BRPset_ResponsiblySourcedMaterials; GMDB and GML that are given 
comprehensively in the previous section are used as the inputs of BIM software, 
which is Graphisoft ArchiCAD® 17. The generated model is exported as IFC 2x3 
file with Concept Design BIM 2010 translator. The IFC file is then processed in 
GBAT to obtain the results for green certification.  
 
Figure 5.1 : Integrated BIM – BREEAM model. 
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5.1.1 Architecture of GBAT 
This section discusses the components of the green building assessment tool and 
depicts how the system will behave on an example. Figure 5.2 presents the software 
input-output (IO) diagram.  
 
Figure 5.2 : Software IO diagram. 
The IFC file exported from BIM software with at least the minimal MVD includes 
the extended property sets and classification references of the green materials. 
GMDB is populated with the materials from BREEAM guidebook.  
Within the GBAT, an external program called IFC File Analyzer (IFA) is used to 
obtain all the required data (see Chapter 4.6). IFA generates a spreadsheet from the 
IFC file. In the spreadsheet, a worksheet is created for each type of IFC entity in the 
file. Every row in the worksheet contains the attributes for an instance of an IFC 
entity. Figure 5.3 illustrates the spreadsheet produced from an IFC file. It provides to 
parse and analyse all of the entities and their attributes easily from the corresponding 
worksheet. Calculation implements the algorithms given in Chapter 4.6.8 “GBAT 
Algorithms” by reading the spreadsheet and retrieving data from the database.  
The achieved credits from Mat 1 to Mat 7 are displayed on the results screen and also 
detailed report about the areas of the main building elements and the materials and 
green ratings in a portable document format (pdf), is provided. 
The tool was developed in Visual Studio 2013 integrated development environment 
(IDE) using C# programming language due to its being modern and very high level 
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programming language. MS Access Engine Database® is required for reading the 
data from MS Excel®.  
 
Figure 5.3 : Spreadsheet generated by IFA. 
The method of obtaining the parameters from the MS Excel® file is described as 
follows. The relevant property of BRPset_Materials from the IfcPropertySet of the 
IfcProject worksheet is checked firstly for each material issue. The required 
quantities such as areas and volumes of the major building elements are acquired 
from IfcQuantityArea and IfcQuantityVolume, which are accessed through the 
IfcElementQuantity. IfcPropertySingleValue of the IfcPropertySet entity gives the 
information for the building elements that should be checked according to their 
common properties such as IsExternal or LoadBearing. The PredefinedType should 
be obtained of the IfcSlab worksheet for all slab and roof types. Reuse of façade and 
structure data is acquired from the IfcPropertySingleValue of the 
BRPset_ReusedMaterials of each building element. Similarly, the information of 
responsibly sourced materials is derived from the IfcPropertySingleValue and 
IfcPropertyEnumeratedValue of the BRPset_ResponsiblySourcedMaterials, which is 
accessed through the IfcPropertySet. The information of a material such as insulation 
is obtained from IfcMaterial worksheet, which is accessed through IfcMaterialLayer, 
IfcMaterialLayerSet and IfcMaterialLayerSetUsage of the relevant building element 
entity. The BREEAM element number of each building element is retrieved from 
IfcClassificationReference via ItemReference. The corresponding green guide rating 
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and points to the element number should be matched from the database. The project 
and building type information necessary for awarding the credit, is obtained from 
BRPset_ProjectInformation accessed through the IfcPropertySet of the IfcProject. 
The open source code can be accessed from online repository for examination and 
further developments (https://github.com/BahriyeIlhan/GBAT).  
5.1.2 Sample Project  
In this section, the steps of creating the sample project for validation of the model are 
introduced. As mentioned previously, Graphisoft ArchiCAD® 17 is selected as the 
BIM software due to its powerful IFC support. Thus, the project is generated using 
the BREEAM template in ArchiCAD®, which includes the GML (Figure 5.4). The 
project is considered as a two-storey new retail project (Figure 5.5-5.7).  
 
Figure 5.4 : BREEAM template. 
 
Figure 5.5 : Sample project – 3D View 1. 
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Figure 5.6 : Sample project – 3D View 2. 
 
Figure 5.7 : Sample project – Longitudinal section. 
Each property of the proposed property sets is assigned using IFC Manager menu. 
The property sets are applicable to the relevant IFC entities. BRPset_Materials and 
BRPset_ProjectInformation are applicable to the project entity (Figure 5.8). 
 
Figure 5.8 : IFC properties for IfcProject. 
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Figure 5.9 : IFC properties for IfcSlab (Roof). 
BRPset_ReusedMaterials and BRPset_ResponsiblySourcedMaterials are valid for 
the relevant building element as indicated in Figure 5.9 and Figure 5.10.  
 
Figure 5.10 : IFC properties for IfcWallStandardCase. 
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For instance, where the roof is examined in terms of responsible sourcing, reuse of 
façade is assigned for the elements composing the façade of the building and reuse of 
structure is discussed for structural building elements. On the other hand, 
classification reference should be specified for each building element. 
It should be also noted that in an ArchiCAD® project an ArchiCAD® Curtain Wall 
is an IfcCurtainWall IFC Container entity with its Frame (IfcMember) and Panel 
(IfcPlate) components; IfcStair, IfcRamp and IfcRoof entities can also be IFC 
Containers if they originate from an IFC model that was exported by another 
application and merged into the ArchiCAD® project earlier (Url-5).  
Thus, the following changes were made to make the IFC file compatible with MVD.  
• IfcStair was converted to IfcStairFlight manually since the concept MVD 
requires tread number property for this type but ArchiCAD® combines 
IfcStairFlight into IfcStair and does not export this property. The subtype of 
the IfcStair object is changed into IFC2x_StairFlight, which converted the 
IfcStair to an IfcStairFlight. 
• IfcSlab was converted to IfcSlab in an IfcRoof container object if the slab 
corresponded to a roof, by default ArchiCAD® does not create IfcRoof 
container objects but it was necessary to manually introduce them.  
5.2 Verification of the Model 
This section presents the GBAT for verification of the model.  
The exported IFC file of the completed BIM project is used as the input of the 
program (Figure 5.11). 
After uploading the IFC file into the program, the BREEAM material issues to be 
calculated are selected and the program is executed via Process button.  
While the program is processing, IFA runs within the GBAT and generates a 
spreadsheet from the IFC file (Figure 5.12). Then, GBAT makes the calculation 
based on the parsed IFC file.  
The program outputs the results of the available credits of the selected issues (Figure 
5.13).  
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Figure 5.11 : Input screen (GBAT). 
 
Figure 5.12 : IFC file analyzer screen. 
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Figure 5.13 : Output screen (GBAT). 
On the result screen, the corresponding credit for each material issue is displayed 
following the project information including project name, project type, building type 
and project phase. A detailed report on the building elements that are taken into 
consideration can also be achieved. The names, element numbers, quantities and the 
green guide ratings of the building elements and materials are provided so that the 
users can evaluate their project for green certification process.  
It facilitates the decision-making whether the selected building elements and 
materials should be reviewed. A comparison of the elements according to their 
quantities and green ratings is made and in the case of lacking credits, other 
alternatives are experienced. The sample report of the examined IFC file is given in 
the Appendix B. 
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6.  DISCUSSION AND CONCLUSION  
The computer-aided systems in the AEC industry have evolved in consequence of 
the limitations of the previous ones. The first generation of CAD systems developed 
as powerful drafting editors, later these were called CADD due to the continued 
emphasis on the generation and editing of drawings. In parallel with CADD systems, 
the development of 3D graphics started. However, 3D modelling has not had a 
significant impact on general practice. Then, the necessity of integrated data 
approach has resulted in “building modeling” concept which is the development of a 
single model of the architectural project that related together the 2D, 3D and material 
property information for both schematic and detailed design (Eastman, 1989). 
Differently from 2D line-work drawings, a building is logically approached as the 
composition of a set of the building elements such as walls, windows, slabs and 
roofs. With this integrated model approach, BIM not only offers significant 
productivity increase but also serves as the basis for better-coordinated designs and a 
computer model based building process. While switching from CAD to BIM is 
already justified by the benefits achieved during the design phase BIM offers further 
benefits during the construction and operation of buildings (Url-2). Moreover, IFC, 
which is an industry-wide open and neutral data format, provides an independent 
environment for BIM. Worldwide, there are various international BIM developments 
and legislative regulations that encourage BIM adoption, interoperability and 
coordination among the stakeholders of AEC/FM industry. For instance, the 
Singapore BIM Guide is an official reference guide that summaries the roles and 
responsibilities of project members when using BIM at different stages of a project 
via Corenet (Construction and Real Estate Network). As more participants embrace 
the advantages of BIM, it will grow to play a significant role in building performance 
throughout its whole life cycle.  
The changing way of approaching the design, construction and maintenance of 
buildings in the construction industry highly requires integrated collaboration and 
BIM for sustainable projects. Since BIM provides an opportunity for superposing the 
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multidisciplinary information within one model powerfully, the importance of 
sustainable data addition into the BIM model has been discussed recently due to the 
increased demand for green certification. In this sense, integrated design process with 
sustainable properties simplifies the certification process in terms of time and cost 
due to early stage interactions and improved outputs. Nevertheless, there is a general 
conception that effective use of BIM is currently still undeveloped. Even though 
some steps are taken by commercial software, these remain incapable and include a 
small part due to the limitation of data format. Moreover, the inadequacy of BEP-TR 
and ÇEDB K, the difficulty of developing sustainable material and IFC database and 
the limitation of using current standards in Turkey can be listed as drawbacks of BIM 
and sustainability integration. 
In this study, a supporting method that facilitates the sustainable project decisions 
generated by BIM software is presented. The aim of the research is to propose a 
functional model for BIM and sustainability integration. The proposed model, which 
is based on IFC, helps the design team assign the sustainable properties and assess 
the sustainability performance of the project during the design stage so that the 
decisions can be made on time for green building certification. 
In accordance with the purpose of the study, the initial phase of the thesis is focused 
on the examination of the previous studies related to BIM so as to find out the 
research trend and more importantly the aspects of BIM and sustainability 
incorporation. Following this, a description of the literature relevant to BIM, IFC and 
sustainability concepts is given. This includes the features, benefits and affects of 
BIM technology; the structure of the IFC; sustainability and green building 
assessment systems and finally the relationship between BIM and sustainable 
construction. BIM enabled sustainable data model in which BIM can potentially 
facilitate and benefit sustainable design in the very early stages of the whole process, 
is presented next. After explaining the key points of the model in detail, the 
implementation process is defined and a practical application is performed for 
validating the integrated model.  
6.1 Discussion of the Proposed Model  
The proposed model of BIM and sustainability integration provides obvious and 
accessible solutions for sustainable construction projects. As incorporating the 
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sustainable data in the early stages of the building production process is important, 
the integrated solution has a beneficial effect on sustainable decisions. From start to 
completion of the design stage, the users provide the related data for BREEAM 
certification by specifying the project and building element and material information. 
This is achieved via property sets, which are developed using IFC data model 
standard, green materials library depending on the green specification of the green 
building rating system and classification references of each building element and 
material. All of them are embedded in the BIM software so that the user can easily be 
guided for green documentation. After the generation of the project, the IFC form 
including the whole data of the BIM model regarding to the property set, 
classification reference, quantity and building element and material information; is 
evaluated for BREEAM certification in terms of materials category via the GBAT. 
The developed assessment tool makes the calculation by accessing the rating points 
of the green materials used in the project from the database and depending on the 
green building assessment criteria. It provides the possible credits of each material 
issue as the output data. Then, a detailed report of the results is obtained for 
consideration. In order to evaluate of and make a comparison between the different 
materials usage options, GBAT can be used for further possibilities. The sample 
project generated by using ArchiCAD® BREEAM template file demonstrated the 
validation of the proposed model successfully.  
Even though the proposed BIM and sustainable data model has some limitations 
regarding to the green building assessment system, BIM software and green building 
assessment tool which are respectively focusing on BREEAM Europe Commercial 
2009, concentrating on materials category of BREEAM, assessing the green guide to 
specification; targeting IFC Standard Compliant software that supports a suitable 
model view definition and developing a desktop application, the effective model 
validation of the small fraction proves that the extension and adaptation of the model 
to the other categories, green building assessment systems or BIM software is 
achievable.  
The proposed model is of great importance for Turkish sustainable construction by 
encouraging the use of BIM in order to get accurate and reliable data during the 
design stage of the building production process. The continuous sustainability and 
timeliness of the model will improve the sustainable projects. The continuity of the 
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sustainability and timeliness of the model for Turkey can be provided by updating 
the materials library according to local materials. Material suppliers can be 
encouraged to offer their online BIM objects based on the certification criteria. 
Interacting with BIM software vendors help to generate materials library specific for 
the green building assessment. 
6.2 Remaining Issues  
As stated previously, the limitations of the proposed model comprise the issues 
regarding future studies of this research. The examination of other categories of 
BREEAM, their development as property sets in the IFC standard and algorithms for 
the GBAT are the initial concerns. Thus, the construction project targeting to be 
certified by BREEAM is evaluated on the basis of the whole categories. Moreover, 
other green building assessment systems and their requirements for green 
certification can be studied and the availability for the adaptation to the proposed 
model is discussed. The scope of the model can be developed in a broader 
perspective depending on the targeted necessities.    
In order to make the GBAT run faster, the data can directly be acquired from the IFC 
file instead of converting it into a spreadsheet. Since the program currently runs 
another exe (IFC File Analyzer) inside, the calculation process takes slightly longer 
than usual. Designing the algorithms that express the procedure reading directly from 
the IFC file is the next step for faster calculation.  
Adaptation of the proposed model to the BREEAM International New Construction 
2013 as the current scheme to assess the sustainability of new buildings over their 
life cycle, at the design and construction stages of a project, is the main issue to be 
discussed. When considered in terms of the materials category, focusing on the life 
cycle impacts of the materials rather than the green rating points is the key issue of 
the new scheme. It aims to encourage the use of life cycle assessment tools and 
measure the environmental impact (including embodied carbon) of the materials over 
the full life cycle of the building. An appropriate life cycle assessment tool should be 
used to calculate the number of credits achieved. In this sense, IMPACT (Url-6), 
which is BIM integrated material profile and costing tool, can be operated for 
measuring the embodied environmental impact and the results are assessed for this 
BREEAM issue. As IFC is the major enabler of BIM for providing to share and 
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collaborate across the platforms and applications, IFC format of the projects are used 
in IMPACT. The other issues of the materials category are listed as: Hard 
landscaping and boundary protection, responsible sourcing of materials, insulation 
and designing for robustness. The IFC algorithms for the calculation of each issue 
should be rewritten according to the new requirements and criteria by using the 
proposed model as the substrate. IMPACT’s based on IFC standard also shows that 
the proposed model is on the right lines.  
Finally, the implementation of the proposed model can be considered as an add-on 
that enhances BIM-based applications. Even though this canalise the users to specific 
BIM software, it may increase the usage of the assessment tool due to the ease of 
use. 
6.3 Conclusion  
In conclusion, this thesis study summarises the importance and justification for the 
integration of BIM and sustainable data pertinent to the construction projects 
intending to have a green certification. Hence, an IFC-based integration solution is 
offered. The proposed model provides an evaluation of sustainable properties for 
BREEAM certification via BIM in the design stage of the building production 
process. The possible credits for the issues of the materials category of BREEAM are 
calculated and documented by deriving the data from the property sets and quantities 
of the entities and applying necessary equations. The integrated model assures 
efficiency and accurate data in the generation of sustainable construction projects, 
which is also resulted in effective decision-making for the green building 
certification process. 
It should be also noted that BREEAM Europe Commercial 2009 might provide more 
accurate results for the green building assessment in Turkey when compared to 
BREEAM International New Construction due to the requirement of the life cycle 
impacts of the materials in the new BREEAM scheme. The life cycle assessment 
studies in Turkey in comparison with the developed countries specifically remain 
limited and consequently appropriate life cycle assessment tools are inadequate. 
However, the increase in the BREEAM certificated projects in Turkey may help 
improve the life cycle approaches. 
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APPENDIX A XML schemas of the proposed property sets 
BRPset_Materials 
 
<?xml version="1.0"?> 
<?xml-stylesheet type="text/xsl" href="PSD_R2x3.xsl"?> 
<PropertySetDef> 
 <IfcVersion version="2x3 TC1" schema="IfcArchitectureDomain"/> 
 <Name>BRPset_Materials</Name> 
 <Definition>Material properties for BREEAM 
 certification</Definition> 
 <Applicability>IfcProject entity</Applicability> 
 <ApplicableClasses> 
  <ClassName>IfcProject</ClassName> 
 </ApplicableClasses> 
 <ApplicableTypeValue/> 
 <PropertyDefs> 
  <PropertyDef> 
   <Name>Mat 1_Materials Specification (Major  
   Building Elements)</Name> 
   <PropertyType> 
    <TypePropertySingleValue> 
     <DataType type="IfcBoolean"/> 
    </TypePropertySingleValue> 
   </PropertyType> 
   <ValueDef/> 
   <Definition>Identifies if the construction  
   materials are Green Guide to Specification (=  
   TRUE) or not (= FALSE)</Definition> 
  </PropertyDef> 
  <PropertyDef> 
   <Name>Mat 2a_Natural Boundary</Name> 
   <PropertyType> 
    <TypePropertySingleValue> 
     <DataType type="IfcBoolean"/> 
    </TypePropertySingleValue> 
   </PropertyType> 
   <ValueDef/> 
   <Definition>Identifies if there is a natural  
   boundary protection (= TRUE) or not (=   
   FALSE)</Definition> 
  </PropertyDef> 
  <PropertyDef> 
   <Name>Mat 2b_Hard Landscaping and Boundary  
   Protection</Name> 
   <PropertyType> 
    <TypePropertySingleValue> 
     <DataType type="IfcBoolean"/> 
    </TypePropertySingleValue> 
   </PropertyType> 
   <ValueDef/> 
   <Definition>Identifies if the materials for  
   boundary protection and external hard surfaces are 
   Green Guide to Specification (= TRUE) or not (= 
   FALSE)</Definition> 
  </PropertyDef> 
  <PropertyDef> 
   <Name>Mat 3_Façade Reuse</Name> 
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   <PropertyType> 
    <TypePropertySingleValue> 
     <DataType type="IfcBoolean"/> 
    </TypePropertySingleValue> 
   </PropertyType> 
   <ValueDef/> 
   <Definition>Identifies if existing building  
   facades are in-situ reused (= TRUE) or not (=  
   FALSE)</Definition> 
  </PropertyDef> 
  <PropertyDef> 
   <Name>Mat 4_Structure Reuse</Name> 
   <PropertyType> 
    <TypePropertySingleValue> 
     <DataType type="IfcBoolean"/> 
    </TypePropertySingleValue> 
   </PropertyType> 
   <ValueDef/> 
   <Definition>Identifies if existing structures that 
   previously occupied the site are reused (= TRUE) 
   or not (= FALSE)</Definition> 
  </PropertyDef> 
  <PropertyDef> 
   <Name>Mat 5_Responsibly Sourced Materials</Name> 
   <PropertyType> 
    <TypePropertySingleValue> 
     <DataType type="IfcBoolean"/> 
    </TypePropertySingleValue> 
   </PropertyType> 
   <ValueDef/> 
   <Definition>Identifies if sourced materials are 
   used for key (main) building elements (= TRUE) or 
   not (= FALSE)</Definition> 
  </PropertyDef> 
  <PropertyDef> 
   <Name>Mat 6a_Insulation</Name> 
   <PropertyType> 
    <TypePropertySingleValue> 
     <DataType type="IfcBoolean"/> 
    </TypePropertySingleValue> 
   </PropertyType> 
   <ValueDef/> 
   <Definition>Identifies if the thermal insulation 
   is Green Guide to Specification(= TRUE) or not (= 
   FALSE)</Definition> 
  </PropertyDef> 
  <PropertyDef> 
   <Name>Mat 6b_Responsibly Sourced Insulation</Name> 
   <PropertyType> 
    <TypePropertySingleValue> 
     <DataType type="IfcBoolean"/> 
    </TypePropertySingleValue> 
   </PropertyType> 
   <ValueDef/> 
   <Definition>Identifies if the thermal insulation 
   has been responsibly sourced (= TRUE) or not (= 
   FALSE)</Definition> 
  </PropertyDef> 
  <PropertyDef> 
   <Name>Mat 7_ Designing for Robustness</Name> 
   <PropertyType> 
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    <TypePropertySingleValue> 
     <DataType type="IfcBoolean"/> 
    </TypePropertySingleValue> 
   </PropertyType> 
   <ValueDef/> 
   <Definition>Identifies if the protection of  
   exposed parts of the building and landscape are 
   adequate (= TRUE) or not (= FALSE)</Definition> 
  </PropertyDef> 
 </PropertyDefs> 
</PropertySetDef> 
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BRPset_ProjectInformation 
 
<?xml version="1.0"?> 
<?xml-stylesheet type="text/xsl" href="PSD_R2x3.xsl"?> 
<PropertySetDef> 
 <IfcVersion version="2x3 TC1" schema="IfcArchitectureDomain"/> 
 <Name>BRPset_ProjectInformation</Name> 
 <Definition>Project information for BREEAM 
 certification</Definition> 
 <Applicability>IfcProject entity</Applicability> 
 <ApplicableClasses> 
  <ClassName>IfcProject</ClassName> 
 </ApplicableClasses> 
 <ApplicableTypeValue/> 
 <PropertyDefs> 
  <PropertyDef> 
   <Name>ProjectType</Name> 
   <PropertyType> 
    <TypePropertyEnumeratedValue> 
     <EnumList name="PEnum_ProjectType"> 
      <EnumItem>Fit-Out</EnumItem> 
      <EnumItem>Major    
      Refurbishment</EnumItem> 
      <EnumItem>New Build</EnumItem> 
     </EnumList>  
    </TypePropertyEnumeratedValue> 
   </PropertyType> 
   <ValueDef/> 
   <Definition>The type of project</Definition> 
  </PropertyDef> 
  <PropertyDef> 
   <Name>BuildingType</Name> 
   <PropertyType> 
    <TypePropertyEnumeratedValue> 
     <EnumList name="PEnum_BuildingType"> 
      <EnumItem>Commercial</EnumItem> 
      <EnumItem>Court</EnumItem> 
      <EnumItem>Domestic</EnumItem> 
      <EnumItem>Education</EnumItem> 
      <EnumItem>Health</EnumItem> 
      <EnumItem>Housing (High  
      Rise)</EnumItem> 
      <EnumItem>Industrial</EnumItem> 
      <EnumItem>Office</EnumItem> 
      <EnumItem>Retail</EnumItem> 
     </EnumList> 
    </TypePropertyEnumeratedValue> 
   </PropertyType> 
   <ValueDef/> 
   <Definition>The type of building</Definition> 
  </PropertyDef> 
 </PropertyDefs> 
</PropertySetDef> 
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BRPset_ReusedMaterials 
 
<?xml version="1.0"?> 
<?xml-stylesheet type="text/xsl" href="PSD_R2x3.xsl"?> 
<PropertySetDef> 
 <IfcVersion version="2x3 TC1" schema="IfcArchitectureDomain"/> 
 <Name>BRPset_ReusedMaterials</Name> 
 <Definition>Reused material properties for BREEAM 
 certification</Definition> 
 <Applicability>IfcBuildingElement entity</Applicability> 
 <ApplicableClasses> 
  <ClassName>IfcBuildingElement</ClassName> 
 </ApplicableClasses> 
 <ApplicableTypeValue/> 
 <PropertyDefs> 
  <PropertyDef> 
   <Name>FacadeReused</Name> 
   <PropertyType> 
    <TypePropertySingleValue> 
     <DataType type="IfcBoolean"/> 
    </TypePropertySingleValue> 
   </PropertyType> 
   <ValueDef/> 
   <Definition>Identifies if existing building façade 
   materials are in-situ reused (= TRUE) or not (= 
   FALSE)</Definition> 
  </PropertyDef> 
  <PropertyDef> 
   <Name>StructureReused</Name> 
   <PropertyType> 
    <TypePropertySingleValue> 
     <DataType type="IfcBoolean"/> 
    </TypePropertySingleValue> 
   </PropertyType> 
   <ValueDef/> 
   <Definition>Identifies if existing structure  
   materials that previously occupied the site are 
   in-situ reused (= TRUE) or not (=    
   FALSE)</Definition> 
  </PropertyDef> 
 </PropertyDefs> 
</PropertySetDef> 
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BRPset_ResponsiblySourcedMaterials 
 
<?xml version="1.0"?> 
<?xml-stylesheet type="text/xsl" href="PSD_R2x3.xsl"?> 
<PropertySetDef> 
 <IfcVersion version="2x3 TC1" schema="IfcArchitectureDomain"/> 
 <Name>BRPset_ResponsiblySourcedMaterials</Name> 
 <Definition>Responsibly sourced material properties for BREEAM 
 certification</Definition> 
 <Applicability>IfcBuildingElement entity</Applicability> 
 <ApplicableClasses> 
  <ClassName>IfcBuildingElement</ClassName> 
 </ApplicableClasses> 
 <ApplicableTypeValue/> 
 <PropertyDefs> 
  <PropertyDef> 
   <Name>ResponsiblySourced</Name> 
   <PropertyType> 
    <TypePropertySingleValue> 
     <DataType type="IfcBoolean"/> 
    </TypePropertySingleValue> 
   </PropertyType> 
   <ValueDef/> 
   <Definition>Identifies if the material is  
   responsibly sourced (= TRUE) or not (=   
   FALSE)</Definition> 
  </PropertyDef> 
  <PropertyDef> 
   <Name>TierLevel</Name> 
   <PropertyType> 
    <TypePropertyEnumeratedValue> 
     <EnumList name="PEnum_TierLevel"> 
      <EnumItem>Excellent (BES6001:2008 
      (or similar))</EnumItem> 
      <EnumItem>Very Good (BES6001:2008 
      (or similar))</EnumItem> 
      <EnumItem>Good (BES6001:2008 (or 
      similar))</EnumItem> 
      <EnumItem>Pass (BES6001:2008 (or 
      similar))</EnumItem> 
      <EnumItem>Certified EMS (for the 
      Key Process and Supply   
      Chain)</EnumItem> 
      <EnumItem>Verified (SmartWood) 
      (for Timber only)</EnumItem> 
      <EnumItem>Certified EMS (for the 
      Key Process) (for recycled  
      materials only)</EnumItem> 
      <EnumItem>Certified EMS (for key 
      process stage)</EnumItem> 
     </EnumList> 
    </TypePropertyEnumeratedValue> 
   </PropertyType> 
   <ValueDef/> 
   <Definition>The tier level for the responsibly  
   sourced material</Definition> 
  </PropertyDef> 
 </PropertyDefs> 
</PropertySetDef> 
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APPENDIX B BREEAM materials report 
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